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PREFACE

The Federal Radiation Council (FRC) was formed in 1959 to provide recommendations to the
President for Federal policy on radiation matters affecting health. The first Federal radiation
protection guidance was promulgated shortly thereafter, on May 13, 1960, and set forth basic
principles for protection of both workers and members of the general population. Over the ensuing
decade the FRC issued additional guidance on a number of radiation protection matters, but the

general guidance issued in 1960 remained essentially unchanged.

The Council was abolished in 1970 and its functions transfered to the Administrator of the
newly formed Environmental Protection Agency (EPA). In 1974 EPA initiated a review of the part
of Federal guidance that then applied to occupational exposure. Two early components of this
review were a re-evaluation by the National Academy of Sciences of risks from low levels of
radiation (NAS {980) and an analysis by EPA of the occupational exposures of U.S. workers (EPA
1980). These were completed and published in July and November of 1980, respectively.

In January of 1981 EPA published proposed recommendations for new Federal guidance for
occupational exposure. Federal Guidance Report No. 10, issued in 1984, continued the process by
presenting new numerical values for derived quantities (i.e., concentrations of radioactivity in air
and water) that were obtained employing contemporary metabolic and dosimetric models, but which
corresponded to the limiting annual doses recommended for workers in 1960. The values given in
Report No. 10 were not implemented by Federal agencies, however, because of the anticipated

adoption of new Federal guidance.

On January 20, 1987, the President approved recommendations by the Administrator of EPA
for the new “Radiation Protection Guidance to Federal Agencies for Occupational Exposure.” This
guidance, which is consistent with (but in several ways is an extension of) current recommendations
of the International Commission on Radiological Protection (ICRP), constituted a major revision of

those parts of the 1960 guidance that pertained to the protection of workers.

This Federal Guidance Report No. 11, which supercedes Report No. 10, presents values for
derived guides that make use of contemporary metabolic modeling and dosimetric methods and that
are based upon the limits on committed dose equivalent stipulated in Recommendation 4 of the
1987 guidance. The Annual Limits on Intake (ALIs) and Derived Air Concentrations (DACs)

tabulated herein are numerically identical, in most cases, to those recommended by the ICRP in



vi

their Publication 30. Exceptions include values for plutonium and related elements, which are
based upon information presented in ICRP Publication 48, and a few radionuclides not considered
in Publication 30, for which nuclear decay data were presented in ICRP Publication 38. We plan
to publish future editions of this Report on a regular basis to reflect improved information, as it

becomes available and is accepted by the radiation protection community.

These new derived guides will be implemented by the various Federal agencies having
regulatory responsibilities for workers in the public sector, such as the Nuclear Regulatory
Commission and the Occupational Safety and Health Administration, and by Federal agencies with
responsibilities for their own workers, such as the Department of Energy and the Department of
Defense. Federal agencies are encouraged to reference the tables in this and future editions of this
Federal Guidance Report in their regulations so as to assure a uniform and continuing application
of the 1987 Federal guidance.

Recommendation 4 of the 1987 guidance is concerned not only with prospective control of the
workplace through limitation of committed dose, but also with circumstances in which the
conditions for control of intake have not been met for an individual worker. The present document
addresses only the first of these issues; the difficult and controversial problem of future
management of the over-exposed worker is not considered here. That remains primarily the
responsibility of the on-site health physicist, who must account for the physical characteristics of

the over-exposed individual and the unique conditions at the site.

Also tabulated in this Report are coefficients for conversion of exposure to committed effective
dose equivalent, and to committed dose equivalent for individual organs. These are intended for
general use in assessing average individual committed doses in any population that can be
characterized adequately by Reference Man (ICRP 1975).

We gratefully acknowledge the thoughtful comments of Marvin Goldman, Roscoe M. Hall, Jr,,
Ronald L. Kathren, DeYaughn R. Nelson, John W. Poston, Sr., Jerome S. Puskin, Kenneth W.
Skrable, J. Newell Stannard, Roy C. Thompson, Carl G. Welty, Jr., and Edward J. Vallario. Parts
of Report No. 11 have been clarified and strengthened through their efforts. Its final form,
however, is the sole responsibility of the Office of Radiation Programs. We would appreciate
being informed of any remaining errors, so that they can be corrected in future editions.
Comments should be addressed to Allan C.B. Richardson, Chief, Guides and Criteria Branch,
ANR-460, U.S. Environmental Protection Agency, Washington, DC 20460,

A//M

Richard J. Guimond, Director
Office of Radiation Programs (ANR-458)



I. INTRODUCTION

Radiation protection programs for workers are based, in the United States, on a hierarchy of
limitations stemming from Federal guidance approved by the President. This guidance, which
consists of principles, policies, and numerical primary guides, is used by Federal agencies as the
basis for developing and implementing their own regulatory standards.

The primary guides are usually expressed in terms of limiting doses to workers. The protection
of workers against taking radioactive materials into the body, however, is accomplished largely
through the use of regulations based on derived guides expressed in terms of quantities or
concentrations of radionuclides. The values of these derived guides are chosen so as to assure that
workers in work environments that conform to them are unlikely to receive radiation doses that
exceed the primary guides.

The purpose of the present Report is to set forth derived guides that are consistent with current
Federal radiation protection guidance. They are intended to serve as the basis for regulations
setting upper bounds on the inhalation and ingestion of, and submersion in, radioactive materials in
the workplace. The Report also includes tables of exposure-to-dose conversion factors, for general
use in assessing average individual committed doses in any population that is adequately
characterized by Reference Man (ICRP 1975).

Previous Guidance and Derived Guides

In 1960 President Eisenhower, acting on recommendations of the former Federal Radiation
Council (FRC), established the first Federal radiation protection guidance for the United States
(FRC 1960). That guidance was strongly influenced by and generally consistent with
contemporary recommendations of the International Commission on Radiological Protection
(ICRP) and the U.S. National Council on Radiation Protection and Measurements (NCRP). The
primary guides included limits of 3 rem per quarter {(and 5(N-18) rem cumulative, where N is the
age of the worker) to the whole body, active blood-forming organs, and gonads; annual limits of
30 rem to thyroid and 15 rem to other organs; and a limiting body burden of 0.1 microgram of
radium-226 or its equivalent for bone seeking radionuclides.

Although the FRC recognized the importance of protection against taking radioactive
materials into the body, it did not publish numerical values for derived guides as part of its
guidance. Rather, it endorsed the values in use by government agencies at that time. Those values
were contained in National Bureau of Standards Handbook No.6% (NBS 1959) (later re-issued as
NCRP Report No. 22 {NCRP 1959)), which was an abridgment of Publication 2* of the ICRP

*Revised and additional values appeared in ICRP Publication 6 (ICRP 1964).



(ICRP 1959). These reports also formed the basis for the well-known tables issued by the Atomic
Energy Commission (Appendix B of 10 CFR 20), which still constitute a basic element of the
regulations of its successor, the Nuclear Regulatory Commission.

Over the intervening years, substantial advances have been made in the dosimetric and
metabolic models employed to calculate derived guides. Federal Guidance Report No. 10 (EPA
1984a) presented revised values for derived guides that were based on the 1960 primary guides for
workers (FRC 1960) but that were obtained employing up-to-date dosimetric and metabolic models.
These new models yielded a number of values significantly different from those in ICRP
Publications 2 and 6. The values in Federal Guidance Report No. 10 were not implemented by
Federal agencies, however, due to the expectation of imminent approval of new Federal guidance.

Current Guidance and Derived Guides

The FRC was abolished in 1970, through Reorganization Plan No. 3, and its functions
transferred to the Administrator of the newly formed Environmental Protection Agency (EPA).

The Federal guidance for occupational radiation protection now in effect in the United States
consists of recommendations by the Administrator of EPA approved by the President on January
20, 1987 (EPA 1987). This new guidance sets forth general principles for the radiation protection
of workers and specifies the numerical primary guides for limiting occupational exposure. It is
consistent with, but an extension of, recent recommendations of the ICRP (ICRP 1977).* It applies
to all workers who are exposed to radiation in the course of their work, either as employees of
institutions and companies subject to Federal regulation or as Federal employees. It is estimated
that, in 1985, there were 1.6 million such workers (EPA 1984b).

The complete texts of the guidance issued in 1987 and in 1960 are reproduced in Appendices
A and B of this Report. Major changes introduced in 1987 were:

¢+ The ALARA principle, which requires that doses be maintained ‘as low as reasonably
achievable,” was elevated to the level of a fundamental requirement, and it now forms
an integral part of the basic protection framework.

* Protection against stochastic effects on health is based upon limitation of the weighted
sum of dose equivalents to all irradiated tissues (the effective dose equivalent), rather
than upon the “critical organ™ approach of the 1960 guidance, which limited dose to
each organ or tissue separately. Additional organ-specific limits are provided to protect
against non-stochastic effects.

¢ The maximum occupational radiation dose normally allowed a worker was reduced from
the previously permitted 3 rem per quarter (dose equivalent to the whole body) to 5 rem
in a year (effective dose equivalent). The 5(N-18) limitation on cumulative dose
equivalent has been deleted.

*Recommendations of the NCRP in their Report No. 91 (NCRP 1987b), in turn, are
consistent with the Federal guidance.

YEffective dose equivalent, stochastic health effects, and other such entities are defined and
discussed in Chapter II, Appendix C, and the Glossary.



» Maximum work-related dose equivalent to the unborn is limited to 0.5 rem during the
gestation period. It is also recommended that exposure rates be maintained below the
uniform monthly rate that would satisfy this limiting value.

» The establishment of administrative control levels below the limiting values is
encouraged. Since such administrative control levels often involve ALARA
considerations, they may be developed for specific categories of workers or work
situations. Agencies should alsc encourage establishment of measures for assessing the
effectiveness of, and for supervising, ALARA efforts.

» Recordkeeping, including cumulative (lifetime) doses, and education of workers on
radiation risks and protection principles are specifically recommended for the first time.

» Control of internal exposure to radionuclides is based upon limitation of the sum of
current and future doses from annual intake (i.e., the committed effective dose
equivalent) rather than of annual dose. If it is found that limits on committed dose
have been exceeded for an individual worker, then corrective action is required to re-
establish control of the workplace and toc manage future exposure of the worker. With
respect to the latter requirement, provision should be made to menitor the annual dose
received from radionuclides in the body as long as it remains significant.

This Report is concerned, in particular, with two types of derived guides that may be employed
in the control of internal exposure to radicnuclides in the workplace: the Annual Limit on Intake
(ALI) and the Derived Air Cencentration (DAC). An ALL is that annual intake of a radicnuclide
which would result in a radiation dose to Reference Man (ICRP 1975) equal to the relevant
primary guide (i.e., to the limiting value of committed dose). A DAC is that concentration of a
radionuclide in air which, if breathed for a work-year, would result in an intake corresponding to its
ALI (or, in the case of submersion, to an external exposure corresponding to the primary guide for
limiting annual dose}). DACs are thus used for limiting radionuclide intake through breathing of,
or submersicn in, contaminated air. ALIs are used primarily for assessing doses due to accidental
ingestion of radicnuclides. Values of ALIs for ingestion and inhalation and of DACs are presented
in Table 1 for radicnuclides of interest in radiation pretection.

These ALIs and DACs are based upen calculations originally carried out for the ICRP. In its
Publication 30 (ICRP 1979a, 1979h, 1980, 1981a, 1981c, 1982a, 1982b), the ICRP issued revised
derived limits which conform to its recommendaticns in Publication 26 (ICRP 1977). The derived
limits in Publication 30 (which superseded those presented in ICRP Publications 2 and 6)
incorporate the considerable advances in the state of knowledge of radicnuclide dosimetry and
biclogical transport in humans achieved in the past few decades. They also reflzct the transition
from limitation of dose to the critical crgan tc limitation of the weighted sum of doses tc all crgans.
The relationship of the new to earlier derived guides is summarized in Fig. 1.

The ALI and DAC values tabulated in this first edition of Federal Guidance Report No. 11
are identical to those of [CRP 30, except for the isotopes of Np, Pu, Am, Cm, Bk, Cf, Es, Fm, and
Md. For these, new values have been computed using the more recent metabolic information in



Federal Guidance

FRC (1960) EPA (1987)
» ICRP2 NBS 69/NCRP 22 | not applicable
= (1959)
k]
= ICRP 30 Federal Guidance Federal Guidance
(1979-81) Report No. 10 Report No. Hi

Fig. 1. The relationship of various tabulations of derived guides to the applicable Federal
guidance and to the dosimetric and metabolic models used in their derivation. For example, the
tables in Report No. 10 make use of contemporary metabolic modeling, as described in ICRP

Publication 30, but conform to the limits specified in the 1960 Federal guidance.

ICRP Publication 48 (ICRP 1986). We have, in addition, provided guides for a few radionuclides
(Sr-82, Tc-95, Te-95m, Sb-116, Pu-246, and Cm-250) not considered in ICRP Publication 30, but

for which nuclear decay data were presented in ICRP Publication 38 (ICRP 1983).



II. THE RADIATION PROTECTION GUIDES

Federal radiation protection guidance sets forth a dose limitation system which is based on
three principles. These are:

Justification - There should not be any occupational exposure of workers to ionizing
radiation without the expectation of an overall benefit from the activity causing the
exposure;

Optimization - A sustained effort should be made to ensure that collective doses, as well
as annual, committed, and cumulative lifetime individual doses, are maintained as low as
reasonably achievable (ALARA), economic and social factors being taken into account;

and

Limitation - Radiation doses received as a result of occupational exposure should not
exceed specified limiting values.

Although they have been expressed in a variety of ways, these principles have guided the
radiation protection activities of Federal agencies since 1960. This Report does not address the first
two of them—it is concerned with the third, the limiting values for occupational exposure, which
are specified by the primary guides. We shall discuss first the primary guides for limiting doses to
workers and then the derived guides (in terms of quantities and concentrations) for control of

exposure to radionuclides in the workplace.

PRIMARY GUIDES

For the purpose of specifying primary guides for radiation protection, health effects are
separated into two categories—stochastic and non-stochastic.

Cancer and genetic disorders are classified as stochastic health effects. It is assumed that they
are initiated by random ionization events and that the risk of incurring either is proportional,
without threshold, to the dose in the relevant tissue. It is also assumed that the severity of any
stochastic health effect is independent of the dose.

For a non-stochastic effect, by comparison, there appears to be an effective threshold below
which clinically observable effects do not occur, and the degree of damage observed usually depends
on the magnitude of the dose in excess of this effective threshold. Examples of non-stochastic
effects include acute radiation syndrome, opacification of the lens of the eye, erythema of the skin,
and temporary impairment of fertility. (All of these effects are observed at doses much higher than

those incurred normally in the workplace).



Primary Guides for Assessed Dose to Individual Workers

The objective of the dose limitation system is both to minimize the risk of stochastic effects
and to prevent the occurrence of non-stochastic effects. The primary guides are boundary
conditions for this system. The principles of justification and optimization serve to ensure that
unnecessary doses are avoided and that doses to most workers remain significantly below the
limiting values specified by the primary guides.

With respect to stochastic effects, the dose limitation system has been designed with the intent
that the level of risk associated with the limit be independent of whether irradiation of the body is
uniform or non-uniform. The critical-organ approach of previous guidance (FRC 1960) is replaced
with the method introduced by the ICRP (ICRP 1977), which utilizes a weighted sum of doses to
all irradiated organs and tissues. This sum, called the “effective dose equivalent™ and designated
Hg, is defined as

HE=EWTHT‘ (1)
T

where wp is a weighting factor and Hr is the mean dose equivalent to organ or tissue T. The factor

wr, normalized so that ¥, wy = 1, corresponds to the fractional contribution of organ or tissue T
T

to the total risk of stochastic effects when the entire body is uniformly irradiated.* Hg thus reflects
both the distribution of dose among the various organs and tissues of the body and their assumed
relative sensitivities to stochastic effects. The primary guide for assessed dose to individual adult
workers, for the purpose of protection against stochastic effects, is 5 rem (50 mSv) effective dose
equivalent in a year (Recommendation 3, Appendix A).

Weighting Factors

Organ/tissue wr
Gonads 0.25
Breast 0.15
Red Marrow 0.12
Lungs 0.12
Thyroid 0.03
Bone Surface 0.03
Remainder' 0.30

Additional primary guides for assessed dose to individual adult workers have been established
for the purpose of protection against non-stochastic effects. These guides, chosen below the
assumed threshold levels for such effects, are 15 rem (150 mSv) dose equivalent in a year to the
lens of the eye and 50 rem (500 mSv) to any other organ, tissue (including skin), or extremity of
the body.

*For the hypothetical case of uniform irradiation, Hg is commonly referred to as the ‘whole
body dose’.

'A value of wr = 0.06 is applicable to each of the five remaining organs or tissues (such as
liver, kidneys, spleen, brain, small intestine, upper large intestine, lower large intestine, etc., but
excluding skin, lens of the eye, and the extremities) receiving the highest doses.



The primary guides for annual assessed dose may be summarized as:

Hg < Srem (50 mSv) (2a)
for stochastic effects;

Hy < 50 rem (500 mSv) (2b)
for all organs and tissues, except the lens of the eye; and

Hy < 15rem (150 mSv) (2¢)

for the lens of the eye.

Primary Guides for Control of Intake of Radionucludes in the Workplace

Radionuclides enter the body through inhalation and, normally to a lesser extent, through
ingestion. The principal method of controlling internal exposure to radionuclides is to contain
radioactive materials so as to avoid any such intake. For situations where this is not achievable, the
guidance (Recommendation 4, Appendix A) specifies primary guides for control of the workplace.

The intake of certain long-lived radionuclides may result in the continuous deposition of dose
in tissues far into the future. The primary guides for control of the workplace are therefore
expressed in terms of the sum of all doses projected to be received in the future from an intake in
the current year. This sum, by convention taken over the 50-year period following intake,* is
known as the “committed” dose. The committed effective dose equivalent, Hgsg, is defined by
analogy to equation (1) as

H|-:.st) = E wr HT,so - (3)
T

The committed dose equivalent to tissue or organ T, denoted Hypyy, is the total dose equivalent
deposited in T over the 50-year period following intake of the radionuclide. For radionuclides that
are present in the body for weeks or less, because of either short physical half-life or rapid
biological elimination, the committed dose equivalent may be regarded as a single contribution to
the annual dose equivalent. For very long-lived radionuclides that remain within the body
indefinitely, the dose equivalent may accumulate at a nearly constant rate over the entire balance of
a worker’s lifetime.

To limit the risk of stochastic effects, the primary guides for control of the workplace specify
that the committed effective dose equivalents from the intake of all radionuclides in a given year,
HE 5, plus the effective dose equivalent from any external exposure in that year, Hg .y, should not
exceed 5 rem (50 mSv), ie.:

Heso + Heen S Stem . (4a)

*50 years reflects the arbitrarily-assumed remaining lifetime of a worker, rather than the
maximum span of employment.



And to prevent the occurance of non-stochastic effects, the committed dose equivalent, Hy 5, to any
organ or tissue T from the intake of radionuclides in a given year plus the dose equivalent, Hry oy,
from external exposure in that year should not exceed 50 rem, ie.:

Hrsp + Hr € 50 rem . (4b)

The non-stochastic limit permits a much higher committed dose in most individual organs than
does the stochastic limit, under normal conditions of irradiation, but it is nonetheless the factor that
determines the annual limit on intake for a number of radionuclides. This is the case typically for
radionuclides that seek organs or tissues of relatively low sensitivity to stochastic effects. The
actinides go to bone and irradiate bone marrow and surface endosteal cells, for example, and iodine
concentrates in the thyroid. For such radionuclides the limitation system reduces to the formerly
used critical organ approach, but with a 50 rem committed organ dose limit.

The primary guides for committed effective dose equivalent (and committed dose equivalents to
individual organs and tissues) provide the basis for limitation of internal exposure to radicactive
materials in the workplace.* They will normally be implemented through the design, operation, and
monitoring of the workplace. When the primary guides for control of intake of radicactive
materials have been satisfied, moreover, it is not necessary to assess contributions from such intakes
to annual doses in future years. That is, for the purpose of determining compliance with the
primary guide for assessed dose to individuals (Recommendation 3), the guidance provides that
such doses may be assigned to the year of intake.

Recommendation 4 of the guidance also addresses the situation in which determination of the
actual intake for an individual worker shows that the primary guides for control of intake have nof
been met. In that case, appropriate corrective action should be taken to assure that control is
reestablished, and that future exposure of the worker is appropriately managed. In particular,
provision should be made to assess annual effective dose equivalent (and dose equivalents to organs)
due to radionuclides retained in the body from this intake (NCRP 1987a; NRC 1987), and to
manage exposure of the worker so as to insure conformance in future years with the primary guides
for assessed dose. The present Report is concerned with the prevention of such circumstances
through the use of derived guides, however, and the difficult and controversial problem of the over-
exposed worker will not be considered further here. But it is important to note the distinction made
between the roles played by the effective dose equivalent committed in a year and by the annual
effective dose equivalent.

*The use of committed (effective) dose equivalent in determining the derived guides for
workers represents a significant philosophical (but not numerical) change. Previous guidance for
protection from inhalation or ingestion of radionuclides was expressed in terms of the ‘limiting
annual intake'-the amount which, if taken in annually for 50 years, would result in a dose rate in
the 50th year equal to the primary guide. Committed dose, by contrast, makes no assumption
about future intake, but does account for the dose in the future arising from intake in the current
year.

Conversion from limitation of ‘limiting annual intake’ to limitation of committed dose
equivalent has no effect on the numerical values of the derived guides. It can be shown that the
committed dose to an organ over the 50-year period following a single intake of a radionuclide is
numerically equal to the annual dose rate attained after 50 years of intake of that same activity
each year.



Radon and its Decay Products

The primary guides are usually specified in terms of dose. In the case of exposure to the decay
products of radon and thoron, however, dose is particularly difficult to calculate. For this reason, in
1967 the FRC recommended a separate guide for radon, expressed in terms of exposure to its decay
products rather than dose (FRC 1967). This guide, which was developed for use in regulating the
exposure of underground uranium miners, has gradually gained application to other workers as well,
[t has been reviewed periodically by the FRC and EPA (FRC 1969, 1970; EPA 197ia, 197ib). In
1969, the previous 12 Working Level Month (WLM) guide for the annual exposure to the short-
lived decay products of 22Rn was reduced, for a trial period, to 4 WLM. In 1971, EPA found that
there was no adequate basis for less stringent protection, and recommended that the 4 WLM guide
be retained.

The ICRP recently reviewed the epidemiological and dosimetric data for the two radon
isotopes of concern in uranium mining. [t recommended exposure guidance for 2R n that is
comparable to the 4 WLM primary guide used in the United States. It also concluded that the risk
from inhalation of the short-lived decay products of 220Rn is about one-third that associated with
222Rn decay products (ICRP 1981b). Although specific Federal guidance does not exist for the
decay products of 20Rn, the ICRP recommendation provides a basis for establishing, through
comparison with the primary guide for 2R n, a guide of 12 WLM for **Rn.

The primary guides for radon isotopes and their short-lived decay products used in this report
are given in the table below. There are no derived guides for radon.

Primary Guides for Radon and its Decay Products

Radon Isotope Exposure (WLM)
Rn-222 4
Rn-220 12

DERIVED GUIDES

An Annual Limit on Intake (ALI) is defined as that activity of a radionuclide which, if
inhaled or ingested by Reference Man (ICRP 1975), will result in a dose equal to the most limiting
primary guide for committed dose.* The ALI for a particular radionuclide is, therefore, the largest
value of annual intake, [, that satisfies the following constraints:

[ hesp < Srem (5a)

[hrsg$50rem, forallT, (5b)

*For some nuclides of very low specific activity, the mass associated with an ALI is large. For
example, the ALI for inhalation of '*’In in class D chemical form is 5 = 10* Bg (1 wCi),
corresponding to a mass of 650 kg. In such cases, an intake in excess of the ALI clearly is not

possible.
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where the tissue dose equivalent conversion factor, hr s is the committed dose equivalent to organ
or tissue T per unit of activity of the radionuclide taken in by the specified route, and the effective
dose equivalent conversion factor, hggp, is the committed effective dose equivalent per unit of
activity.

A Derived Air Concentration (DAC) is defined as that concentration of radionuclide in air
which, if breathed by Reference Man (ICRP 1975) for a work-year, would result in the intake of
one ALL. That is, the concentration of a radionuclide in air is limited by

IC(t)BdtsALI , (6)

where C(t) is the concentration of the radionuclide in air at time t, B is the volume of air breathed
by a worker per unit time, and the integration is carried out over a 2000 hour work-year. For the
special case of constant air concentration, the DAC is related to the ALI through

DAC (Bg/m*) = ALI(Bq) / 2.4 x 10*°(m°) , (N

based on a normal breathing rate B of 0.020 m’/min. There are no derived guides for
instantaneous or short-term values of C(t).

Some airborne radionuclides, in particular the noble gases, are not metabolized to an
appreciable extent by the body. The methodology for calculating derived guides for these materials
is based on consideration of the external dose, including dose to the lung, due to submersion in air
containing the radionuclide. Submersion dose can also be the only significant exposure pathway for
other airborne radionuclides of short half-life (ie., a day or less) (ICRP 1984). For such situations,
the DAC may be derived directly from the primary guides. Let ﬁE‘m denote the hourly dose
equivalent rate from external exposure per unit concentration of airborne radionuclide. The annual
average airborne concentration C must satisfy the constraints:

2000 hg e, C < STem, (8a)
2000 hgoy C € 50 rem, except lens, and (8b)
2000 by, C< 151em, lens, (8c)

where hgeq = 3 wr hT.ut- There are 2000 hours in a work-year, and the subscripts E and T are
T

used as before. When air concentration is limited by submersion dose, the DAC is the maximum
value of C that satisfies the above inequalities.

If a worker is exposed to external sources and to more than one radionuclide, or to intake of a
radionuclide by more than one route, the allowed exposure to each must be scaled appropriately to
ensure that the primary guides are not exceeded:

Heen + 2 Z1ghi* € Srem, and (9a)
ik
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Iy refers 1o the annual intake of the j-th radionuciide by the k-th route (ingestion or inhalation).

Numerical values of the derived puides

Mumericai values of the derived guides lor ingestion (ALfs) and for inhalation {ALls and
DACs} are given in Table 1, bath in SI units {MBg and MBg/m?, respectively} and in conventional
units {uCi and _nCijc-mi}- ALIs and DACs for the same radionuclide and themical form are
presenied in the two seis of units in separate sub-iables on facing pages. Tabie 1.a, on the even
numbered pages 0 the reader's left, contains the derived guides in SI units; Table i.b, to the right,
contains the ALis and DACs for the same nuclides, expressed in conveniional units.

Brief descriptions of the general features of the metabolic and dosimeiric modeis emploved are
given in Chapter [l and Appendix C. The vatues of the derived guides depend, in part, upon the
chemical form of the radionuchde. Information on the classilication of chemicai compounds for
fung clearance and on fractiona! absorption fron: the gastrointestinal tract is presented in Table 3.

Many factors affect the actval doses to individual workers, as opposed to those calculaied here
for Reference Man. Age, sex, physiology, and behavior all may inlluence the uptake and retention
of radionuclides. The application of the numbers in Tables 1 and 2 to sitpations other than normail
occupational exposure {e.g., accidenta! over-exposure, & exposure of the general public} requires
carelu! consideration of the possibie effects of these factors.

The derived guides in this Repoet reiate solely to radiation doses and do not rellect chemical
toxicity. The chemical effects of some materials, such as certain compounds of uranium or
beryiiium, may present risks significantiy greater than those [rom irradiation. The chemical
toxicity of radioactive contaminants in the workplace shouid therefore be examined aiso as part of a
broad industrial radiation protection program. The recommendations of the American Conference
of Governmenial Indusiriai Hygienists {ACGIH} shouid be consuited for additional guidance in
limiting the airborne concentration of chemical sabstances in the workplace {ACGIH, 1986).

Minors and the Unborn

The occupational exposure of individuals under the age of eighteen is Iimited hy
Recommendation 5 of the 1987 Federal guidance to one tenth of the values specified in
Recommendations 3 and 4 for adult workers. The ALis and DACs [or these individuals are
therefore one fenth ihe corresponding vaiues Jor adui$s. While this course of action will not
necessarily reduce the dose to workers under the age of eighteen by exactly a factor of fen, because
of age dependen: factors, it shouid suffice for regulatory purposes until more precise metabolic and
dosimetric modeling is available.

The situaiion for pregnant workers is even iess straightforward. Under Recommendation 6, the
dose equivalent o an unborn as a resait of occupational exposure of 2 woman who has declared
that she is pregnant shouid not exceed 0.5 rem during the entire gestation period. While it is
possible to estimaie external dose to the fetus, inciuding gamma irradiation due {0 submersion, the
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state of knowledge of the transfer of radicnuclides from the mother te the unborn is incomplete. It
is therefore advised that the prudent course of action laid cut in the preamble of the guidance (page
2828) be followed—i.e., institute measures to avoid such intakes by pregnant women—until such
information becomes available.

Tissue and Effective Dose Equivalent Conversion Factors

As indicated in equations 5, 8, and 9, the ALIs and DACs for any radionuclide and route of
intake are determined by the limitation of non-stochastic and stochastic effects imposed by the
primary guides. In many situaticns it is useful to know the committed dose equivalent to an organ
or tissue per unit intake (independent of the occupational dose limitations), or the committed
effective dose equivalent per unit intake. For each radionuclide, values for the organ dose
equivalent conversion factors, htsg, and the effective dose equivalent conversion factor, hg o (based
on the weighting factors set forth by the ICRP (1977) and in the 1987 Federal guidance), are listed
in Table 2.1 for inhalation, and in Table 2.2 for ingestion. The values for ﬁe,cu and hpe, for
submersion are presented in Table 2.3. The cenversion factor upon which the ALI or DAC
depends is indicated by bold-faced type. Note that when the ALI is based on the nonstochistic
limit for an organ or tissue, the conversion factor for that organ will be at least ten times greater
than hg sy (or hg sp). These dose conversion factors may be used to calculate committed doses in any
population that is characterized adequately by Reference Man (ICRP 1975).



HI. CHANGES IN THE MODELS FOR DERIVED GUIDES

Significant improvements have been made in metabolic modeling and physiological data since
the issuance of ICRP Publications 2 and 6. The most important of these have been in the model
for translocation of inhaled materials from the lung and in the dosimetric model for tissues of the
skeleton. The nature of these changes and their effects on the derived guides are briefly reviewed
below and in Appendix C. Full details of the computational models, procedures, and data used to
calculate the relationship between quantity or concentration of radionuclides and dose are presented
in ICRP Publication 30, parts of which are reprinted in NCRP Report No. 84 (NCRP 1985).

TRANSFER OF INHALED MATERIAL FROM THE LUNG

The Respiratory Tract Model of ICRP 2

A simple model of the lung was used in [CRP Publication 2 to describe the translocation and
retention of material by the body after inhalation. It was assumed that 25% of inhaled activity was
exhaled and that 25% was deposited in the lower respiratory tract. The remaining 50% was
deposited in the upper rdspiratory tract, subsequently cleared by means of the mucociliary
mechanism, and swallowed. What happened then depended on whether the inhaled material was
classified as soluble or insoluble.

Any sofuble material deposited in the lower respiratory tract was assumed to be transferred
directly to blood. Of the activity cleared from the upper respiratory tract and swallowed, a fraction
f, entered the blood-stream via the gastro-intestinal (GI) tract. Thus (0.25 + 0.50 f|) of the
inhaled radionuclide was transferred to blood. A fraction fy’ of the activity in the blood passed to
the critical organ, yielding a final fraction

f, = (0.2540.5f,)f," (10)

of the inhaled material that was transferred to the critical organ. Dose to the lung was ignored for
soluble radionuclides.

It was assumed that radionuclides entering blood were delivered instantaneously to organs and
that retention in an organ could be characterized by a single biological half-life. Although this
approximation was known to represent the behavior of many radionuclides poorly, it was adopted
for calculational convenience. To provide an element of conservatism, the longest half-life of any
observed multi-exponential retention was used in the calculations.
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The transfer of insoluble materials to blood was considered to be negligible, and the guides for
these substances were based on direct irradiation of the lungs or of some segment of the GI tract.
Half the activity deposited in the lower respiratory tract was assumed to be quickly cleared and
swallowed, and the other half eliminated from it exponentially over time; an elimination biological
half-life of 120 days was assigned to all insoluble compounds except those of plutonium and
thorium, for which the values 1 and 4 years, respectively, were used.

The GI tract was represented as a series of four segments: the stomach, the small intestine, the
upper large intestine, and the lower large intestine. The material reaching the stomach (after
ingestion or after inhalation and clearance from the respiratory system) was assumed to reside there
for 1 hour, after which it moved on to the small and large intestine. The dose to the wall of each
intestine segment was calculated at the entrance to the segment.

The Respiratory Tract Model of ICRP 30

The dosimetric analysis of Publication 30 employs a more refined model of the deposition in
and clearance from the respiratory tract of inhaled aerosols (ICRP 1966). Deposition of an
airborne particulate form of radionuclide in the naso-pharyngeal, tracheo-bronchial, and pulmonary
regions of the respiratory system is treated as a function of the AMAD®* of the aerosol. Tabulated
values of the derived guides are based on the assumption that the diameters of aerosol particles are
distributed log-normally, with an AMAD of 1 pum. (Derived guides for other AMAD values can be
computed from information in ICRP Publication 30.) Transfer of the deposited activity to the GI
tract, lymphatic system, and blood is described by a set of coupled linear differential equations.
Material deposited in any organ, including the lung, is assumed to be eliminated without
redeposition in others. Clearance from the lung directly to blood or to the GI tract depends on the
chemical form of the radionuclide (see Table 3), and is classified as D, W, and Y, respectively, for
clearance times on the order of days, weeks, and years. The absorption of material from the GI
tract into the body fluids, generally taken to occur within the small intestine, is parameterized by
f].

The clearance kinetics of the Publication 30 model account for loss of material through
radioactive decay. For radionuclides that form radioactive decay products, it is assumed that only
the parent nuclide was inhaled. The calculated committed dose equivalent, however, does include
the contribution from ingrowth of decay products over the period following intake. For simplicity,

these decay products are assumed all to exhibit the same chemical characteristics as their parent
nuclides.

Transit times through the segments of the GI tract and the masses of their walls and contents
are as described in ICRP Publication 23 (ICRP 1975). The transport of material through the GI
tract assumes exponential clearance from the segments. The dose to each segment of the tract is
computed as an average over the mass of the wall of that segment.

The reader is referred to the report of the Task Group on Lung Dynamics (ICRP 1966) and
subsequent [CRP publications (ICRP 1972, 1979a) for further details.

*The Activity Median Aerodynamic Diameter (AMADY) is the diameter of a unit density
sphere with the same terminal settling velocity in air as that of an aerosol particle whose activity is
the median for the entire aerosol.



Comparison of Respiratory Tract Models

For the purpose of comparison, the fractional transfer of inhaled long-lived radionuclides to
blood in the model of Publication 30 can be expressed in a manner analogous to that of

Publication 2:

Fractional transfer of inhaled activity to blood
for long-lived radionuclides

Publication 2 Publication 30
Class Fraction Class Fraction
Soluble 0.25 + 0.50 f, D 0.48 + 0.15f,
[nsoluble not considered W 0.12 + 0.51f,
Y 0.05 + 0.58 f,

For soluble compounds with small f; values, the new model results in a higher transfer of activity to
blood for class D compounds (0.48 vs 0.25), and a lower transfer for class W compounds. If f| lies
near 1, the two approaches predict comparable transfers for class D and class W materials.

For insoluble materials, a useful measure of the committed dose equivalent to the lung itself is
the time integral of the retained inhaled activity, normalized relative to the initial intake;

I an
A.,J; AL dt .

A(1) is the activity in the lungs at time t, and the activity A, is inhaled at t = 0. [n Publication 2
it was assumed that half of any insoluble radionuclide initially retained in the lower respiratory
tract, i.e.,, 1/8 of the inhaled activity, was eliminated from it exponentially with a half-life of (20
days for all nuclides except plutonium {1 year) and thorium (4 years). The treatment of lung
clearance in the new model is more complex, but the value of the integral in equation {11) depends
only on the clearance class (ignoring physical decay). For a long-lived radionuclide, the time
integrals of the normalized retention for the two models can be compared as:

Time integral of retention in lung for long-lived
radionuclides in insoluble compounds

Publication 2 Publication 30
Material [ntegral Class  Integral
{days*) {days*)
Thorium 263 D 0.22
Plutonium 66 W 12
Other 22 Y 230

*Units: pCi-days per 4Ci inhaled—i.e., days.
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For long-lived isotopes of plutonium in class Y compounds, the committed dose equivalent to
the lungs [proportional to the integral in Egq. (11)] is about 4 times greater under the current model
than under the old model (230 vs 66). For long-lived class Y radionuclides other than thorium or
plutonium, the difference is even larger, a factor of 10. For compounds now in clearance class W,
assignment to the inscluble form in the old model resulted in overestimations by factors of about
20, 5, and 2 for thorium, plutonium, and other radionuclides, respectively. Again, the loss of
activity by radioactive decay has not been considered here.

[n summary, the revised modeling of the clearance of material from the lung influenced the
derived guides primarily through changes in the transfer of activity to blood and in the retention of
activity in the lungs. For inhalation of soluble class D compounds with f; less than 1072 the
current modeling indicates a transfer to blood twice that of Publications 2 and 6. For insoluble
forms, the dose equivalent to the lung may have been over-estimated in Publication 2 by a factor of
from 2 to 20 for class W compounds, and under-estimated by factors of from 4 to 10 for class Y
compounds.

DOSIMETRY OF BONE-SEEKING RADIONUCLIDES

The dosimetric model for bone-seeking radionuclides has also been modified substantially. In
the following comparison of the old and current models, the total activity present in the skeleton is
assumed to be the same.

The Bone Dosimetry of Publication 2

The bone dosimetry model of Publication 2 compared the effective energy absorbed in the
skeleton from a bone-seeking radionuclide with that for a body burden of 0.1 pCi of 2*Ra. It
considered the dose to the 7 kg of marrow-free skeletal bone delivered by the radioactive material
resident within the bone, but included only indirectly the effects on endosteal tissue of radionuclides
that accumulate on bone surface.

The specific effective energy SEE(T «— S) is defined as the energy (in MeV), suitably modified
with a radiation quality factor (Q), absorbed per gram of target tissue (T), per nuclear
transformation occuring in the source tissue (S). Although the term ‘SEE’ was not used in
Publication 2, an expression appropriate for that model would be of the form

SEE=nQE/m, (12)

where the energy E emitted per disintegration was deposited entirely within the bone, of total mass
m (7 kg). The quality factor § was taken to be | for gamma-rays, X-rays, and beta particles; and
10 for alpha particles. The value of the ‘relative damage factor,” n, was | for isotopes of radium
and for pure gamma emitters, and 5 for other radionuclides that emit alpha or beta radiation; n
was, in essence, a factor to account for additional damage that could be caused by radionuclides
that, unlike radium, might be surface-seeking.
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The Bone Dosimetry of Publication 30

[n contrast to the old model, in which dose is averaged over the bone, the current model
contains separate calculations of the dose equivalent to the active haematopoietic tissue within the
cavities of trabecular bone, and to osteogenic cells, in particular those on the endosteal surfaces of
bone.

Developing blood cells are found in various stages of maturation within the red marrow, which
is therefore of concern with respect to the radiation induction of leukemia. The need to limit the
dose to this tissue was recognised in Publication 2, but was not explicitly addressed in developing
the recommendations for bone-seeking radionuclides.

The osteogenic cells are the precursors of cells involved in the formation of new bone
(osteoblasts) and in the resorption of bone (osteoclasts), and are of concern with respect to
carcinogenisis in bone. The location of the osteogenic cells in the skeleton is not well defined; for
the purpose of calculating the derived guides, the average dose equivalent is determined over a
10 um thick layer of soft tissue adjacent to the surface of the bone. The following discussion is
limited to the example of particulate (alpha and beta) irradiation of endosteal tissues.

Energy deposition in endosteal tissues is averaged over a layer of cells near the bone surfaces,
the mass m of which is taken to be 120 g We distinguish between radionuclides that reside on
bone surfaces and those that are distributed throughout the bone volume. The specific effective
energy for endosteal tissue from a radionuclide distributed uniformly on bone surface may be
expressed as

SEE®(BS+-Bone) = [F3(CB) AF3(BS+-CB)+ F5(TB) AF*(BS~TB) ]QE/m , (13)

where
E is the energy emitted per disintegration;

FS(CB} and F5(TB) denote the fractions of activity in the skeleton residing on the surfaces
(%) of cortical bone (CB) and trabecular bone (TB), and FS(CB) + FS(TB) = I
Cortical and trabecular bone are defined as bone with a surface/volume ratio less than
and greater than 60 cm? cm™ 3, respectively.

AFS(BS < CB) and AFS(BS - TB) are the fractions of the energy emitted from the
surfaces of cortical and trabecular bone that are absorbed by the endosteal tissue at the
bone surface (BS). AFS(BS < CB) is normally smaller than AF5(BS +— TB) because of
the greater absorption of radiation by the bone itself.

A corresponding equation can be written for SEEY(BS «— Bone) for radionuclides that deposit
within bone volume (Y); FY(CB) would then be the fraction of activity that is dispersed evenly
throughout cortical bone, and so on.

Values of parameters for the above formulation are contained in [CRP 30 (see Chapter 5 of
[CRP 1979a). The quality factor Q for alpha radiation is taken to be 20, rather than 10 as in
[CRP 2, and the ‘relative damage factor’ n is no longer used.
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The two dosimetric models are compared in the table below. Since SEE is proportional to E in
both, it is convenient to make the comparison in terms of the specific effective energy normalized
with respect to energy, SEE/E. This is the fraction of emitted energy that is deposited in the
target tissue, modified to account for radiation quality and for the spatial distribution of the
radionuclide in the source tissue; as such, it is a measure of the relative degree of harm inflicted by
a radionuclide upon the target tissues.

Effective energy deposited by bone-seeking radienuclides

Publication 2 Publication 30
Radiation/Nuclide SEE/E{gm™") Radiation/Nuclide = SEE/E{(gm™')
Alpha Alpha
Radium 1.4 x 1073 Yolume emitters 22x 1073
Other radionuclides 7.0 x 1073 Surface emitters 8.3 x 1072
Beta Beta
Radium 14 x 1074 Yolume emitters 1.4 x 1074
Other radionuclides 7.1 x 107* Surface emitters
E < 0.2 MeV 4.2 x 1073
E = 0.2 MeV¥ 33 % 1074

For radium-226, which is a volume seeker, the normalized specific effective energy {(and thus
the dose equivalent) to endosteal tissue under the new model is 1.6 (2.2 x 10_3/1‘4 x 1073) times
greater than was the SEE/E to bone under the old; that is, the 0.1 ug 226Ra skeletal burden
considered in Publication 2 to result in a dose rate to bone of 30 rem/yr (0.3 Sv/yr) would, under
the current model, deliver 50 rem/yr (0.5 Sv/yr) to endosteal tissue. For volume-distributed alpha
emitters other than radium-226,* the dose equivalent to endosteal tissue under the new model is
three times lower than that to bone as determined before. For surface-seeking alpha emitters, the
corresponding ratio of calculated dose equivalents is 12.

The use of the new bone dosimetry model thus has a potentially major impact on the derived
guides for alpha and low-energy beta emitters, particularly those that are surface-seekers.

SUBMERSION IN AIR

The old model considered the dose from an airborne concentration of inert radioactive
materials (such as noble gas radioisotopes). Body shielding and attenuation in air were taken into
account by assuming that only photon radiation and beta particles of energy greater than 0.1 MeV
contribute to the whole body dose. For low energy beta emitters, only dose to skin was considered.

The new model considers the shielding of organs by overlying tissues and the degradation of
the photon spectrum through scatter and attenuation by air. The dose from beta particles is

*Because of its short half-life {3.66 d), **Ra has little time to diffuse into bone volume, and
such a comparison would be misleading.
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evaluated at a depth of 0.07 mm for skin, and at a depth of 3 mm for the lens of the eye, The
worker is assumed to be immersed in pure parent radionuclide, and no radiation from airborne
progeny is considered. In most cases, the concentration limit for submersion in a radioactive semi-
infinite cloud is based on external irradiation of the body; it does not take into account either
absorbed gas within the body or the inhalation of radioactive decay products. Exceptions are
elemental tritium and *’Ar, for which direct exposure of the lungs by inhaled activity limits
(stochastically) concentration in air.
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IV. MAGNITUDES AND SOURCES OF CHANGES
IN THE DERIVED GUIDES

Comparisen of the derived guides in this Report (Table i) with those in I[CRP Publications 2
and 6 reveals some substantial changes. Systematic comparisons are not made easily, however,
because the chemical forms of inhaled materials are now characterized in a manner (by clearance
class) different from that used previously (soluble vs. insoluble). The identification of specific
causes of changes is further complicated by the large number of factors used in the calculations.
Nonetheless, an attempt has been made tc characterize the overall magnitudes and sources of
changes, to identify those radionuclides for which the numerical derived guides are altered most
significantly, and to determine the factors most responsible.

The following conventions were adopted for making these comparisons:

The derived guides of Publications 2 and 6 were tabulated as Maximum Permissible
Concentrations (MPC) in air and water. The current derived guides are presented in terms of
ALIs for inhalation or ingestion, and DACs for inhalation (or submersion). For a radicnuclide
whose derived guide does not change, the DAC is numerically equal to the old MPC in air.

For inhalation exposure: (a) The MPCs in air for soluble forms were compared with the DACs
for compounds of lung clearance class D. In the cases where no DAC is calculated for class D
compounds of a radionuclide, then the comparison was made with the DAC for class W
compounds. It was considered inappropriate to compare soluble and class Y compounds. (b) The
MPCs for the inscluble forms were compared with the DACs for class Y compounds. If no DAC is
calculated for class Y compounds, then the comparison was made with the DAC for class W
compounds, unless a class W compound had already been compared to the soluble compound.

For ingestion exposure: It is assumed that a worker ingests 1.1 liters of contaminated water
each day, resulting in an intake of (50 wk/yr x 5 d/wk x 1100 cm®/d x MPC uCifcm®) uCifyr.
(a) If a radicnuclide is assigned a single f; value, then the ALI was compared to the MPC in water
for soluble compounds; (b) If compounds of the radicnuclide are assigned two f; values, then the
ALI for the higher value of f; was compared with the MPC for soluble compounds, and the low-f,
ALI was compared with the MPC for the insoluble form.

Cases in which specific chemical forms (rather than lung class) are listed in Table 1, such as
certain compounds of hydrogen, carbon, and nitrogen, were omitted from the comparison.

INHALATION

A comparison was made of the DACs and MPCs in air for all the radionuclides considered in
this study, and the results appear in Fig. 2. The solid histogram shows the relative numbers of
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Fig. 2. Comparison of the old and new derived guides for inhalation. The solid histogram
indicates the fraction of radionuclides for which the DAC listed in this report differs from the
former MPC by a factor of between | and 2, 2 and 4, 4 and 8, etc. The hatched histogram shows
the fraction of radionuclides for which the DAC changed by various factors solely as a consequence
of new metabolic modeling and physiologic data, but with the old (1960) Federal guidance.

cases in which the value of the DAC is different from that of the MPC by a factor of between |
and 2, 2 and 4, 4 and 8, and so on. (Note the logarithmic scale on the abscissa.) In about 65% of
the cases, the values differ by less than a factor of four, and in one third, by less than a factor of

two.

The hatched histogram of Fig. 2 (reproduced from Federal Guidance Report No. 10) shows
the relative number of cases in which DACs changed solely because of revision of the metabolic
modeling and physiologic data. The closeness of the two curves in Fig. 2 suggests that the
differences between the current and the previous derived guides are attributable primarily to
improved metabolic modeling and physiologic data, and only secondarly to the adoption of new

values for the primary guides.

Each radionuclide for which the DAC is at least a factor of 16 different from its corresponding
MPC is listed below. The MPCs that are based on the limits of FRC 1 (and the models of ICRP
2), and the relevant critical organs, comprise the first column. The middle column presents the
derived guides, taken from Federal Guidance Report No. 10, that would be obtained with
contemporary metabolic modeling and physiological data, but using the 1960 primary guides. The
current DAC appears in the third column of numbers, and if the value of this DAC is determined
by the non-stochastic 50 rem limit for any organ, then that organ is also noted. The changes for
these radionuclides support the above observation that the revisions in the derived guides are due
principally to improved modeling and data, rather than to the adoption of new primary guides.
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Substantially changed derived guides for inhalation

MPC® DAC” DAC!
Nuclide ICRP 2 Report 10 Report 11
(uCifem®) (uCifem®) (uCifem ™)

Revised guide more restrictive by factor > 6:

Zr-93 I x 10°7(5) Bone 3 x 107"  B. surface 3x 10 * (D) B. surface
3Ix 1077} Lung 2 %x 107 B surface 2 x 1078LY) B, surface
tn-i15 2 % 1077(S) Kidney 2 x 107" R.marrow 6 % 1079(D)
3% 107%() Lung 6 x 10°W R, marrow 2 % 107 (W)
Ac-227 3Ix 107" () Lung L % 1072 Lung 2 x 10712 (Y)
Ac-228 8 x 1072 (8) Liver 4 % 107°  B. surface 4 x 107° (D) B. surface
Pa-23i [ x i07'9([}) Lung 2 % 107'? B, surface 2 x 1072(Y) B. surface
Pu-241 4% 073 ()  Lung 3 % 107" B.surface 3 x 107'9(Y) B. surface
Am-244 4 x 107 (S) Bone 7 x 107* B surface 8 x 1073 (W) B. surface
Cf-249 | « 1079(I}) Lung 5% 107 Lung 4 x 1072(Y) B, surface
Revised guide less restrictive by factor >i6:
C-i4? 4 x 107t Fat 9% 107%  Gonad 9 % (07?
5-35 3% 1077 (5) Testis 8 x 107% Lung 7% 107 (D)
Mn-56 5% 1077 () LLI 3x 107%  Lung 9 x 1075 (W)
Ni-65 5% 1077 (1 ULI 4x107%  Lung L % 107% (W)
i-134 5 x 1077 (8) Thyroid [ x i07%  Thyroid 2 x 1073 (D)
Re-187 5% 10°7(1) Lung 2% 107% Lung 4 x 1073 (W)
Bi-210 6 x 107°(5) Kidney 3% 107%  Kidney I x 1077(D}  Kidney

‘The chemical form is denoted S or | for soluble and insoluble, respectively; the organ listed is the
critical organ.

"The lung clearance class is denoted D, W, ar Y. If no organ is listed, the DAC is limited by the
primary guide for stochasiic effects; if an organ is listed, the DAC is based on limiting non-stochastic
cffects in the listed organ.

Hn the form of CO;.

With the exceptions of "1 and *A¢, all cases in which the current DACs are more
restrictive than the MPCs (i.e., where the DACs are numerically smalfler than the MPCs) involve
the primary guide for non-stochastic effects at bone surfaces. All of these radionuclides, except
W51, deposit on the surface of mineral bone (indium is taken up by the active marrow), but this is
only part of the reason the revised values are more restrictive.

The DAC for ®Zr is more restrictive primarily because of a change in the metabolic model:
retention in bone is found to be eight times greater than was assumed earlier, and there is an
increase in the transfer to the skeleton (due to increased clearance of class D compounds to blood,
and consequent increased deposition in the skeleton). Other radiosotopes of zirconium are
sufficiently short-lived that the greater skeletal retention does not substantially change their DACs.

The old metabolic model assumed that 4% of '"In entering blood was translocated to the
kidney (the critical organ), where it was retained with a biological half-time of 60 days. The
current model assumes that 30% of indium entering the body fluids goes to the red marrow, where
it is bound permanently. The DAC for **In (half-life of 5.1 x 10'® years) is of academic interest
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only, since its specific activity is so low that a concentration corresponding to the DAC could not be
airborne. The other radioisotopes of indium are sufficiently short-lived that the new assumption of
permanent retention in red marrow has no bearing on their DACs.

The more restrictive DAC for class Y compounds of **’Ac results both from increased
retention under the current lung model and from the increased quality factor Q (20 vs. [0} for
alpha radiation. Members of the P ac decay chain are sufficiently short-lived, relative to their
parent, that the committed dose equivalent is proportional to the residence time in lung of the
parent nuclide.

This, however, is not the case for the 28Ac chain, where the first daughter, 25T, is long-lived
relative to the parent. The source of the 20-fold more restrictive value is complex. In the old
model, the ratio of activity of the first daughter to that of the parent in the critical organ (liver)
was about 1, while the current model yields a ratic of 3 in the limiting organ (bone surface). The
SEE for endosteal tissue at bone surface is about 14 times that for the liver, and the current lung
model results in an increased transfer to blood (0.45 vs. 0.25). Finally, the current primary guide
for bone surface (50 rem or 0.5 Sv) is about three times higher than the previous primary guide for
liver ({5 rem).

For 2'Pa, #'Pu, and *Cf, clearance of insoluble material from the lung to the various organs
was not considered previously. The current model, however, includes the transfer and uptake of
activity for class Y compounds; this results in DACs limited by the dose equivalent to bone
surfaces.

The DAC for **Am is more restrictive partly because of an error in the original MPC (ICRP
[964). The lowest lying nuclear state, with a half-life of 10.1 hours, was inadvertently assigned the
26 minute half-life of the metastable state. (**™Am itself was not included in the tabulation of
MPCs). The error was significant, since it is the physical half-life of **Am, and not its rate of
biological clearance, that governs its retention in the body.

The DAC for l"COZ is 23 times fess restrictive than the corresponding MPC mainly because
retention decreased by a factor of 10. Also, in the current model the committed effective dose
equivalent is determined over the total body mass, and subject to a 5 rem primary guide, rather
than over the 10 kg of body fat, which had been the critical tissue with a [5 rem primary guide.

Current models project a much more rapid loss of S from the body than was previously
assumed. In the older model, 0.13% of the sulfur entering blood was transferred to the testes, the
critical organ, where it was retained with a half-time of 623 days. The current model indicates that
80% of the sulfur introduced into body fluids is excreted promptly, 15% is retained with a biological
half-time of 20 days, and the remaining 5% has a half-time of 2000 days.

The DACs for class W compounds of **Mn and ®*Ni are based primarily on dose to the lung,
rather than to the GI tract as in the previous analysis. This, together with the change in the
primary guides, results in the new values being less restrictive.

The old model assumed that a fraction of the inhaled activity of scluble radicnuclides is
transferred instantanecusly to systemic organs, and considered neither radioactive decay nor the
kinetics of clearance from the lung and uptake by the organs. The current model accounts for
radiological decay during the finite time needed for lung clearance and transfer. This is of



25

relevance for iodine which, after entering the transfer compartment (the body {luid), is translocated
from it with a half-time of 6 hours. The physical half-life of "*[ (52.6 minutes), by comparison, is
short; the 8-fold lower uptake by the thyroid, together with radiological decay during clearance
from the lung, result in a DAC 40 times less restrictive than before.

The radionuclide ls"rli‘.i.’., like 'BIn, is a low-specific activity radionuclide, with a half-life of 5 x
109 years. The lung retains about the same amounts (to within a factor of 2) of inhaled class W
and insoluble compounds, but the effective beta energy per disintegration is now evaluated as 6.6 x
10~* MeV, rather than 0.012 MeV. This new decay energy evaluation for '87Re is the main source
of the factor of 40 increase in its DAC.

The DAC for 2'9Bi is less restrictive because revised metabolic modeling of daughter
radionuclides results in a factor of 10 lower residence time for the daughter *'°Po, the alpha
emissions of which dominate the calculation of dose equivalent. In addition, the DAC is now based
on application of the non-stochastic guide of 50 rem to the kidney, as opposed to the previous 15
rem guide for the same (critical) organ. The change in quality factor (20 vs. 10) for the *'°Po
alpha emissions acts in the opposite direction.

Changes in Derived Guides for Some Important Radionuclides

In the table on the following page, we compare derived air concentrations for some of the most
commonly encountered radionuclides. The first three columns of numbers list the MPCs derived
for conformance to the 1960 primary guides, the derived guides from Federal Guidance Report No.
10, and the current DACs, respectively. The fourth column shows, for each radionuclide and lung
clearance class, the factor g, by which the 1960 derived guide must be multiplied to obtain that of
Report No. 10. Because both of these correspond to the 1960 primary guide, g, is a measure of
the change brought about solely by improvements in the metabolic modeling and physiological data.
Similarly, the fifth column presents the factors, qg, needed to convert the derived guides of Report
No. 10 into those consistent with the 1987 guidance; these factors reflect solely the effect of
changes in the primary guides. Finally, to provide a measure of the relative significance of the two
events (new modeling vs. new primary guides), the sixth column lists for each case the ratio of the
magnitudes* of the shifts brought about by the two changes.

There is no simple way of comparing the overall impact of improved modeling with that of new
primary guides. Some sense of the general trends can be obtained, however, from various averages
of the g, and q, factors. The geometric and arithmetic means of the magnitudes of the factors gy,
due to improved modeling are 2.8 and 4.1, respectively; and 1.9 and 2.1 for the factors g, arises
from the adoption of the new primary guides. This is suggestive that the changes brought about by
improved modeling average a factor of about 2 times greater than those attributable to adoption of
new primary guides, and is consistent with the histograms of Fig. 2.

*The ‘magnitude in the shift’ due to new modeling is defined to be a number greater than or
equal to one (ie, the ‘magnitude of q, is qy if qn > 1, and 1/qy if qn < 1). So also for g,
‘ratio” = (magnitude of q,,)/(magnitude of qg).
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MPC DAC (uCifem?)
(uCifem®)
MNuclide/class [CRP 2 Report 10 Report 11 9 Qg ratio
P-32 D 7x 10°R 9 x 1078 4x 1077 .29  4.44 D029
W gxI0°F 7 x 1078 2% 1077 0.88 2.86 0.40
Mn-54 D 4x 1077 1x 1077 4 x 1077 075 133 10
W 4x 1078 3x 1077 3 x 1077 750 LDD 715
Mn-56 D g x 1077 4 x 1079 6 % 1074 5.00 150 33
W 5x 1077 Ix 1078 9 x 1078 600 300 20
Co-58 W gx 1077 2x 1077 5x 1077 025 250 1.6
Y 5x 1078 1% 1077 3 x 1077 200 300 067
Co-60 W 3x 1077 5 x 1078 7= 1078 0.17 140 4.3
Y 9% 107? 5% 107° i x 1078 0.56 2.00 090
Sr-89 D Ix 107" 1 x 1077 4 x 1077 333 400 083
Y 4x 107" 2x 1078 6% 1078 0.50 300 067
Sr-90 D Ix 107 2,07? g x 1077 6.67 400 1.7
Y sx 107° 6 x 10710 2 %1077 012 333 25
Z1-95 D 1 %1077 4% 1078 Sx10°% 040 125 20
Y Ix 1078 4 x 107% 1 x 1077 133 250 0.53
Nb-95 W 5x 1077 3% 1077 sx 1077 0.60 1.67 1.0
Y 1% 1077 2% 1077 5w 1077 .00 2.50 0.0
Mo.99 D 7% 1077 9 x 1077 | x W07% 129 1.1 1.2
Y 2 %1077 Ix 1077 6x 1077 .50 200 0.75
1-129 D 2% 1077 2% 107° 4% 10?7 1.00 200 050
1-131 D 9 x 107° 1 x 1078 2x 1078 111 200  0.56
1-133 D Ix 1078 7x 1078 1 x 1077 233 143 16
Cs-134 D 4% 1078 4 x 10t 4 x 1078 .00 100 1D
Cs-137 D 6x107% 6x107" 6 x 107° 100 100 1.0
Ce-144 W 1 x 1078 7x 107? 1% 1078 0.70  1.43 1.0
Y 6 x 107° 2x107? 6 x 10°° 033 3.00 1.0
Ra-226 W ax 0! | x 10718 3% 107 333 300 1)
Th-228 W 9% 10”2  4x10712 4x107 044 100 2.3
Y 6 x107'7 2 x 0712 7x1072 033 350 0.86
Th-232 W 2 x 1071 5x 10713 S$x107Y 025 100 4.0
Y I x 107" I x 10712 I x 107 010 100 10
U-234 D 6 x 0710 4 %0710 Sx 107 067 125 1.2
Y 1x107% 6 x 10712 2x 107" pDs 333 50
U-235 D Sx 107 4 x 10710 6x 107 (00 150 083
Y tx 107 g x 10712 2x 107%  po6 333 50
U-238 D Tx 1071 4% 10710 6x 107 571 150 38
Y tx 107%® 6 x 10712 2% 10" o6 333 5.0
Pu-238 W 2x107Y 3x107R2 3% 1072 150 100 1.5
Y Ix g™ 5 x 10742 8x 1072 017 160 37
Pu-239 W 2% 10712 2 x 10742 Ix ™R 1.00 150 0.7
Y 4x107" sx 10712 Tx 1072 D13 140 55
Am-241 W 6 % 10712 2 x 10742 3x 1071 0.33 150 2.0

Qi 9, and “ratio” arc defined in the text.
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INGESTION

For exposure by ingestion, a comparison of the MPCs for water with the ALIs for ingestion is
shown as the solid histogram of Fig. 3. The values differ by less than a factor of four in about 80%
of the cases, and by less than a factor of two for 30%. Comparison with the hatched histogram
indicates that, as with inhalation, changes in the derived guides arise mainly because of updated
metabolic modeling and physiologic data, and only secondarily because of the new primary guides.

The nuclides whose guides are substantially changed are tabulated on the next page. As with
inhalation, the radionuclides whose revised values for ingestion have become more restrictive are
primarily those for which bone surface (endosteal tissue) is the (non-stochastically) limiting organ.
Here, too, all except W31n deposit on bone.

Revision of the metabolic model has generally yielded greater uptake of these radionuclides
from the gastrointestinal tract to blood (i.e., a larger f; parameter), and this has tended to be the
dominant factor governing the changes in the ALIs. Other changes in the metabolic models,
involving an increased fraction deposited in bone but lower skeletal retention, have had less effect.
Adoption of the new dosimetric model, separating bone-seekers into surface- and volume-seekers,

has contributed significantly to the changes.

For '"’In, in particular, the change in the retention within the body, discussed previously, is

partly responsible for its revised value being more restrictive.

DAL -D'W3 REM-12502A

INGESTION EXPOSURE

" ALl LESS -l ALI MORE
RESTRICTIVE | RESTRICTIVE

60

" REFOAT 10
B rAeroRT 11 -

FREQUENCY (%)

64
AL | IxMPC o
IXMPC [ AL 7

Fig. 3. Comparison of the old and new derived guides for ingestion. The solid and hatched
histograms describe the same quantities as in Fig. 2. ‘1" refers to intake for a work-year (1.1 1/d x
250 d/yr).
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Substantially changed derived guides for ingestion

from MPC" ALI
Nuclide ICRP 2 Report No. 11
(uCi) (uCi)

Revised guide more restictive by factor >16

[n-115 800 LLI 40

Sm-147 500 Bone 20 B. surface
Ac-227 20 Bone 0.2 B. surface
Pa-231 8 Bone 0.2 B. surface
Np-237 20 Bone 0.5 B. surface
Cf-250 100 Bone 1 B. surface
Revised guide less restictive by factor > 16

S$-35 500 Testis 1 x 104

Ca-45 80 Bone 2 x 10°

Ni-63 200 Bone 9 x 10?

Ge-71 I x 10 LLI 5x 10°

I-134 1 x 10 Thyroid 2 x 10* Thyroid
Re-187 2 x 10* LLI 6 x 10°

Ra-226 0.1 Bone 2 B. surface

"Quantity ingested in a year at the MPC. For all the
MPCs, the soluble form is involved. The listed organ is
the critical organ.

The derived standards for **Ca, ®Ni, and ?®Ra are less restrictive. With the old metabolic
model, half the 5*Ni that reached blood was transferred to bone, where it was retained with an 800
day half-time. With the current model, 68% of the nickel entering the transfer compartment is
excreted, and 30% is distributed throughout the total body and retained with a 1,200 day biclogical
half-life; the remaining 2% is transferred to the kidney, where it resides with a half-time of 0.2
days. With the lower uptake from the gastrointestinal tract (see the f; values listed in Table 3), the
ALl is now limited by the 5 rem stochastic constraint on committed effective dose equivalent.

The old model took the biological half-life for *°Ca in the skeleton to be 162 days, and
1.6 x 10* days for 2Ra. Assuming that 90% of the calcium activity entering the blood is
transferred to the skeleton, and 10% of the radium, then the time integrals of the skeletal retention
of these radionuclides (as in equation 11) would be 210 and 1.3 x 10° days, respectively. Under
the alkaline earth model of ICRP Publication 20 (ICRP 1973a), however, both integrals are
approximately 100 days. This decreased retention of **Ca and ??Ra in the skeleton is largely
responsible for their higher (less restrictive} ALIs. Changes in the bone dosimetry (2°Ra is an
alpha emitter, and **Ca is a low energy beta emitter; both are volume seekers), and the slightly
reduced absorption from the gastrointestinal tract, alsc contribute to the changes.
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SUBMERSION

Only a limited number of comparisons are possible for submersion, as this mode of exposure is
of concern principally for noble gas radionuclides. Those that can be made are shown below:

Substantially changed derived guides for submersion

MPC DAC

Nuclide ICRP 2 Report No. 11

(Cifcm?) (Cifcm?)
H-3* 2 x 107% Skin 5x 107!
Ar-37 6 x 1072 Skin 1
Ar-41 2 x 107 W, body 3x 107
Kr-85m 6 x 107 W. body 2 x 1073
Kr-85 1 x 107%  W. body 1 x 107% Skin
Kr-87 1 x 1075 W. body 5x 1076
Xe-131m 2 x 107°  W. body 4 x 107*% Skin
Xe-133 1 x 1073 W. body 1 x 107%
Xe-135 4 x 107% W, body 1 x 1073

*elemental

For the most part, these DACs are less restrictive than the previous MPCs because the
dosimetric model now takes into account the shielding of body organs by overlying tissues. Both *H
and TAr emit radiations that are too weak to penetrate the outer skin layer, and (stochastic)
limitation is based on radicnuclide content in the lungs. The DAC for ®*Kr also has been relaxed
considerably since its beta emission only irradiates the skin. The DAC is based on limitation of
non-stochastic effects in the skin; the MPC was derived assuming that beta particles of energy
greater than 0.1 MeV contributed to the whole body dose.

SUMMARY

This Report presents new tables of derived guides for protection against the intake of
radionuclides in the workplace. This revision has been necessitated both by improvements over the
past several decades in the metabolic modeling of radionuclides and by the issuance of new Federal
radiation protection guidance in 1987.

Comparison of the new derived guides with those that have been in use for nearly three
decades indicates that, for about 70% of all radicnuclides, the differences are not substantial, i.e.,
are less than a factor of four.
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The use of revised metabolic and dosimetric models does, however, cause major alteration in
the derived guides of some radionuclides. Of particular importance have been improvements in the
lung and bone dosimetry models. New estimates of nuclear decay characteristics, uptake of body
fluids, retention in lung and body tissues, and energy deposition have also been of significance.
Changes in these parameters and models have been discussed in this Report for specific
radionuclides only when they led to sizable revisions in the guides themselves; it should therefore
not be concluded that the components of a radionuclide’s dosimetric analysis have remained the
same simply because the value of the guide has.

The tables of derived guides presented in Federal Guidance Report No. 10 and the present
Report were obtained using, in most cases, the same metabolic models and physiological data, but
different limiting values for dose. Comparisons between these, and with the tables of ICRP
Publications 2 and 6, indicate that conversion to the 1987 Federal guidance has had an overall
effect on the numerical values of the guides about half "as great as that due to improvements in the
metabolic modeling and physiological data.



TABLE 1

Annval Limits on Intake (ALI) and Derived Air
Concentrations (DAC) for Occupational Exposure

Explanation of Entries

Units for ALIs and DACs:

ALls and DACs for the various radionuclides and their chemical forms are expressed in
Table 1 both in SI units (MBg and MBg/m?, respectively) and in conventional units {pCi
and pCi/cm3), Table 1.a, on the even numbered pages to the reader’s left, contains ALIs
and DACs in 5] units; Table 1.b, on the facing pages, contains the derived guides lor the
same nuclides, but expressed in conventional units.

Radionuclide /Half-life:

For each element. radionuclides of significance for radiation protection and their half-lives
are listed in the first column. The symbols m, h, d, and y refer to minutes, hours, days,
and years, respectively. The radionuclide designation follows conventional practice, with
the symbol m denoting a metastable state. In some instances, such as with '52Re, it is
necessary to refer to the half-life to identify the radionuclide unambiguously.

Lung class, f;, and Compounds:

These data characterize the chemical form assumed in the calculations. In the case of
inhalation, the lung clearance class [D (days), W (weeks), or Y (years)] and the fractional
uptake from the small intestine to blood (f;) are shown, as well as the identification of
assigned compounds. In the case of ingestion, only f, is shown. Table 3 provides
information on the assignment of chemical compounds to clearance classes and f; values.

*Sub’ denotes situations in which exposure is submersion-limited. Elements in ‘Vapor® form
deposited in lung are assumed to be totally taken up by blood.

K]
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Table 1.a. Annual Limits on Intake (ALI) and Derived Air
Concentrations {DAC) for Occupational Exposure

Inhalation Ingestion
ALl DAC ALI
Nuclide Class /T, MBgq MBgq/m? f, MBq
Fl)r'dmgen'r
H-3 Water, 3000 0.8 1 3000
VYapor
1235y Elemental, 2104
Sub
Beryllium
Be-7 W 0.005 800 0.3 0.005 2000
533d Y 0.005 700 0.3
Be-10 W 0.005 6 0.002 0.005 40
1.6 10%y Y 0.005 0.5 2 10
Carbon
C-11 cmpds* 2 104 6 1 2 104
20.38 m Cco 4104 20
CO, 2 10¢ 10
C-14 cmpds® 90 0.04 1 90
5730 y CcO 6 104 30
CO, 8000 3
Fluorine
F-18 D1 3000 1 1 2000
109.77 m Wl 3000 1
Y 3000 1
Sodium
Na-22 D1 20 0.01 1 20
2,602 y
Na-24 D1 200 0.08 1 100
1500 h
Magnesium
Mg-28 D 0.5 60 0.03 0.5 20
2090 h W 0.5 50 0.02
Aluminum
Al-26 D 0.01 2 0.001 0.01 10
7.16 10y W 0.01 3 0.001
Silicon
Si-31 D 0.01 900 0.4 0.01 300
157.3 m W 0.01 1000 0.5
Y 0.01 1000 0.4
Si-32 D 0.0l 9 0.004 0.01 80
450 y W 0.01 4 0.002
Y 0.0! 0.2 8 10°
Phosphorus
P-32 D08 30 0.01 0.8 20
14.29d W 0.8 10 0.006

*Labelled organic compounds.
'ALIs and DACs are not available for other tritiated compounds. Under
normal environmental conditions, hydrogen gas may rapidly convert to the
water vapor form.
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Table 1.b. Annual Limits on Intake (ALI) and Derived Air
Concentrations (DAC) for Occupational Exposure

Inhalation Ingestion
ALI DAC ALI
Nuclide Class/f, uCi xCi/fem? f, uCi
Hydrogen®
H-3 Water, 8 10¢ 210° | 8 10¢
Vapor
1235 y Elemental, 0.5
Sub
Beryllium
Be-7 W 0.005 2 10 9 10° 0.005 4 10
533 d Y 0.005 2104 8 10
Be-10 W 0.005 200 6 10°% 0.005 1000
1.6 105 y Y 0.005 10 6 107
Carbon
C-11 cmpds* 410 2 10 I 410°
20.38 m CcO 1 108 s 10
Co, 6 10° 310+
C-14 cmpds* 2000 110 | 2000
5730 y CcO 2 108 710
CO, 2 108 9 10°
Fluorine
F-18 D1 710 3103 1 5 104
109.77 m Wi 9 10* 4 10
Yi 8 10¢ 310°
Sodium
Na-22 D1 600 3107 1 400
2.602 y
Na-24 D1 5000 2 10°¢ ] 4000
15.00 h
Magnesium
Mg-28 D 0.5 2000 7107 0.5 700
20.91 h W 0.5 1000 5107
Aluminum
Al-26 D 0.01 50 3108 0.01 400
716 10° y W 0.01 90 4 10°%
Silicon
Si-31 D 0.01 3104 1107 0.01 9000
1573 m W 0.01 3 10¢ 1103
Y 0.01 310t 11073
Si-32 D 0.01 200 1107 0.01 2000
450 y W 0.01 100 510%
Y 0.01 5 2 107
Phosphorus
P-32 D 0.8 900 4107 0.8 600
14.29 d W 0.8 400 2107

*Labelled organic compounds.

*ALIs and DACs are not available for other tritiated compounds.
Under normal environmental conditions, hydrogen gas may rapidly con-
vert to the water vapor form.
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Table 1.a, Cont’d.

Inhalation [ngestion
ALl DAC ALl

Nuclide Class/f,  MBgq MBq/m’ f, MBq
P-33 D08 300 0.1 0.8 200
254d W 0.8 100 0.04
Sulphur
8-35 D0.8 600 0.3 0.8 400
87.44 d W 0.8 80 0.03 0.1 200

Vapor 500 0.2
Chlorine
Cl-36 D1 90 0.04 1 60
3.01 10° y W1 9 0.004
Cl-38 D1 2000 0.6 1 600
372l m w | 2000 0.7
Cl-39 D1 2000 0.8 1 800
556 m w | 2000 0.9
Argon
Ar-37 Sub 510
35.02d
Ar-39 Sub 7
269 y
Ar-41 Sub 0.1
1.827 h
Potassium
K-40 D1 10 0.006 t 10
1.28 10° y
K-42 D1 200 0.07 1 200
12.36 h
K-43 D1 300 0.1 | 200
226 h
K-44 DI 2000 1 | 800
22.13m
K-45 D1 4000 2 1 1000
20m
Calcium
Ca-41 W 0.3 100 0.06 0.3 100
1410°y
Ca-45 W 0.3 30 0.01 0.3 60
163d
Ca-47 W 0.3 30 0.01 0.3 30
4.53d
Scandium
Sc-43 Y 110 800 0.4 1104 300

3891 h
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Table 1.b, Cont'd.

Inhalation Ingestion
ALI DAC ALI

Nuclide Class/f, pCi uCifem? f, pCi
P-33 D08 8000 410% 0.8 6000
254 d W08 3000 1106
Sulphur
8-35 D038 2 10* 7106 0.8 1 104
87.44 d W 0.8 2000 9107 0.1 6000

Vapor 1 104 6 108
Chlorine
Cl-36 DI 2000 1106 I 2000
3.01 10%y W [ 200 1107
Cl-38 DI 4 10* 210 | 2 10*
3721l m Wl 510! 2 107
Cl-39 DI 5 10* 210 | 2 10*
55.6 m Wi 6 10% 210
Argon
Ar-37 Sub 1
35.02d
Ar-39 Sub 2 10%
269 y
Ar-41 Sub 310%
1.827 h
Potassium
K-40 DI 400 2107 1 300
128 10%y
K-42 DI 5000 2 10 1 5000
12.36 h
K-43 D1 9000 4 j0°6 1 6000
226 h
K-44 DI 710* 3107 1 2 10*
2213 m
K-45 DI i 10° 5104 | 310f
20 m
Calcium
Ca-41 W 0.3 4000 210°% 0.3 3000
14 10°y
Ca-45 W 0.3 800 4107 0.3 2000
163d
Ca-47 W 0.3 900 4107 0.3 800
4.53d
Scandium
Sc-43 Y 110% 2 104 9 10 110% 7000

3.891 h
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Table i.a, Cont'd.

Inhalation Ingestion
ALI DAC ALl
Nuclide Class/f) MBq MBq/m3 f\ MBq
Sc-44 Y i10% 400 0.2 i 10 100
3927 h
Se-44m Y 110% 30 0.01 1107 20
586 h
Sc-46 Y1107 9 0.004 110 30
83.83 d
Se-47 Y ilo# 100 0.05 i 10° 80
3.351d
Sc-48 Y 110% 50 0.02 i 10 30
43.7 h
Sc-49 Y §10% 2000 0.8 1104 800
574 m
Titanium
Ti-44 D 0.01 0.4 210% 0.01 10
73y W 0.0l 1 4104
Y 0.01 0.2 9 107
Ti-45 D 0.01 900 0.4 0.01 300
308 h W 0.01 1000 0.5
Y 0.01 1000 0.4
Vanadium
V-47 D 0.01 3000 ] 0.01 1000
326 m W 0.0l 4000 2
V-48 D 0.01 40 0.02 0.0l 20
16.238 d W 0.0l 20 0.009
V-49 D 0.01 1000 0.5 0.0! 3000
330 d W 0.01 700 0.3
Chromium
Cr-48 D 0.1 400 0.2 0.1 200
2296 h W 0.1 300 0.1 0.01 200
Y 0.1 300 0.1
Cr-49 D 0.1 3000 i 0.1 1000
4209 m W 0.1 4000 2 0.01 1000
Y 0.1 3000 ]
Cr-51 D 0.1 2000 0.7 0.1 1000
27.704 d W 0| 900 0.4 0.01 1000
Y 0.1 700 0.3
Vanganese
Mn-51 D 0.1 2000 0.8 0.1 700
46.2 m W 0.l 2000 0.9
Mn-52 D 0.1 40 0.02 0.1 30
5.591d W 0.1 30 0.01
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Table 1.b, Cont’d.

Inhalation Ingestion
ALI DAC ALI
Nuclide Class /f, «Ci «Cifcm’ f, uCi
Sc-44 Y 110* 110 510°% 110% 4000
3927 h
Sc-44m Y1ilo0t 700 3107 110* 500
58.6 h
Sc-46 Y110t 200 1107 110 900
83.83d
Sc-47 Y 1 10* 3000 1 10° 110% 2000
3.351 d
Sc-48 Y 110 1000 6 1077 110 800
43.7h
Sc-49 Y 1ot 5104 2107 110 210
574 m
Titanium
Ti-44 D 0.01 10 5107 0.01 300
473y W 0.01 30 1108
Y 0.01 6 210°
Ti-45 D 0.01 3104 1105 0.01 9000
3.08 h W 0.01 4104 1108
Y 0.01 3104 1103
Yanadium
V-47 D 0.01 8 10 3107 0.01 3 10
32.6m W 0.0] 110 4 10%
V.48 D 0.01 1000 5107 0.01 600
16.238 d W 0.01 600 3107
V-49 D 0.0l 3 104 1103 0.01 7 104
330d W 0.0l 2104 g 10t
Chromium
Cr-48 D 0.1 110 5106 0.1 6000
2296 h W 0.1 7000 3 10% 0.01 6000
Y 0.1 7000 3106
Cr-49 D 0.1 g 10* 4 107 0.1 3104
42.09 m W 0.1 1 10° 4 10 0.01 3104
Y 0.1 9 104 4107?
Cr-51 D 0.1 5 10 2103 0.1 4 10*
27.704 d W 0.1 2 10* 11073 0.0} 410
Y 0.1 2104 8 10t
Manganese
Mn-51 D 0.1 5 10* 2107 0.1 2104
46.2 m W 0.1 6 104 3107
Mn-52 D 0.1 1000 5107 0.1 700
5591 d W 0.1 900 4107
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Table 1.a, Cont'd.

Inhalation Ingestion
ALI DAC ALI

Nuclide Class/f, MBq MBq/m3 f, MBq
Mn-52m D 0.1 3000 1 0.1 1000
21.1 m W 0.1 4000 2
Mn-53 D 0.1 500 0.2 0.1 2000
3710%y W 0.1 400 0.2
Mn-54 D 0.1 30 0.01 0.1 70
3125 d W 0.1 30 0.01
Mn-56 D 0.1 600 0.2 0.1 200
2.5785 h W 0.1 800 0.3
Iron
Fe-52 D 0.1 100 0.05 0.1 30
8.275 h w 0.1 90 0.04
Fe-55 D 0.1 70 0.03 0.1 300
27y W 0.1 200 0.06
Fe-59 D 0.1 10 0.005 0.1 30
44.529 d W 0.l 20 0.008
Fe-60 DO.I 0.2 110 ol 1
110°y W 0.1 0.7 310
Cabalt
Co-55 W 0.05 100 0.04 0.05 40
17.54 h Y 0.05 100 0.04 0.3 60
Co-56 W 0.05 10 0.005 0.05 20
78.76 d Y 0.05 7 0.003 0.3 20
Co-57 W 0.05 100 0.04 0.05 300
270.9 d Y 0.05 20 0.01 0.3 200
Co-58 W 0.05 40 0.02 0.05 60
70.80 d Y 0.05 30 0.01 0.3 50
Co-58m W 0.05 3000 1 0.05 2000
9.15h Y 0.05 2000 1 0.3 2000
Co-60 W 0.05 6 0.003 0.05 20
5271y Y 0.05 1 510" 0.3 7
Co-60m W 0.05 1 10° 60 0.05 4 10*
1047 m Y 0.05 1 10° 40 0.3 4 10*
Co-61 W 0.05 2000 1 0.05 700
1.65h Y 0.05 2000 0.9 0.3 800
Co-62m W 0.05 6000 3 0.05 1000
13.91 m Y 0.05 6000 2 0.3 1000
Nickel
Ni-56 D 0.05 70 0.03 0.05 50
6.10 d W 0.05 50 0.02

Vapor 40 0.02
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Table 1.b, Cont’d.

Inhalation Ingestion
ALI DAC ALI

Nuclide Class/f, uCi #Cifcm? f, uCi
Mn-52m D 0.1 910% 4107 0.1 3 10
21.l m W 0.1 110° 4107
Mn-53 D 0.1 1104 510°¢ 0.1 510
37108y W 0.1 1 10* 5 10°¢
Mn-54 D o.1 900 4107 0.1 2000
312.54d W 0.1 800 3107
Mn-56 D o.1 2 104 6 10 0.1 5000
2.5785 h W 0.1 210% 9 10°
Iron
Fe-52 D 0.1 3000 110% 0.1 900
8.275h w 0.1 2000 110%
Fe-55 D o.1 2000 8 107 0.1 9000
2.7y W 0.1 4000 2 108
Fe-59 D o.1 300 1 107 0.1 800
44.529 d W 0.1 500 2107
Fe-60 D 0.1 6 310° 0.1 30
110°y W 0.1 20 8 107
Cobalt
Co-55 W 0.05 3000 110% 0.05 1000
17.54 h Y 0.05 3000 110% 0.3 2000
Co-56 W 0.05 300 1107 0.05 500
78.76 d Y 0.05 200 8 10 0.3 400
Co-57 W 0.05 3000 110% 0.05 8000
2709 d Y 0.05 700 3107 0.3 4000
Co-58 W 0.05 1000 5107 0.05 2000
70.80 d Y 0.05 700 3107 0.3 1000
Co-58m W 0.05 9 104 4103 0.05 6 10
9.15h Y 0.05 6 104 3107 0.3 7 104
Co-60 W 0.05 200 7107 0.05 500
5271y Y 0.05 30 1 10°® 0.3 200
Co-60m W 0.05 4 10° 0.002 0.05 1108
1047 m Y 0.05 3108 0.001 0.3 1 108
Co-61 W 0.05 6 10* 3107 0.05 2 104
1.65 h Y 0.05 6 104 2107 0.3 2 10*
Co-62m W 0.05 210° 710% 0.05 4 104
13.91 m Y 0.05 2 10° 6 10°% 0.3 4 104
Nickel
Ni-56 D 0.05 2000 8 107 0.05 1000
6.10d W 0.05 1000 5107

Vapor 1000 5107
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Table 1.a, Cont'd.

inhalation Ingestion
ALl DAC ALl
Nuclide Class/[, MBq MBq/m3 £, MBq
Ni-57 D 0.05 200 0.07 0.05 60
36.08h W 0.05 100 0.05
Vapor 200 0.1
Ni-59 D 0.05 100 0.06 0.05 900
7.5 10y W 0.05 300 0.1
Vapor 70 0.03
Ni-63 D 0.05 60 0.02 0.05 300
96 y W 0.05 100 0.04
Vapor 30 0.01
Ni-65 D 0.05 900 0.4 0.05 300
2520 h W 0.05 1000 0.5
Vapor 600 0.3
Ni-66 D 0.05 60 0.02 0.05 10
54.6 h W 0.05 20 0.01
Vapor 100 0.05
Copper
Cu-60 D 0.5 3000 | 0.5 1000
23.2m W 0.5 4000 2
Y 0.5 4000 2
Cuy-61 D 0.5 1000 0.5 0.5 500
3.408 h W 0.5 2000 0.6
Y 0.5 1000 0.5
Cu-64 D 0.5 1000 0.5 0.5 400
12701 h W 0.5 900 0.4
Y 0.5 800 0.3
Cu-67 D 0.5 300 0.1 0.5 200
61.86 h W 0.5 200 0.08
Y 0.5 200 0.07
Zinc
Zn-62 Y 0.5 100 0.04 0.5 50
9.26 h
Zn-63 Y 0.5 3000 1 0.5 900
3.1l m
Zn-65 Y 0.5 10 0.004 0.5 10
243.9 d
Zn-69 Y 0.5 5000 2 0.5 2000
57T m
Zn-69m Y 0.5 300 0.1 0.5 200
13.76 h
Zn-7lm Y 0.5 600 0.3 0.5 200

392h
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Table t.b, Cont'd.

[nhalation [ngestion
ALI DAC ALI
Nuclide Class/f,| uCi pCifem? £, uCi
Ni-57 D 0.05 5000 2 10 0.05 2000
36.08 h W 0.05 3000 110%
Vapor 6000 310
Ni-59 D 0.05 4000 2 10 0.05 2 104
7510%y W 0.05 7000 3108
Vapor 2000 8107
Ni-63 D 0.05 2000 7107 0.05 9000
96 y W 0.05 3000 1108
Vapor 800 3107
Ni-65 D 0.05 2 104 t 10 0.05 £000
2520 h w 0.05 310! 1107
Vapor 2 10¢ 7108
Ni-66 D 0.05 2000 7107 0.05 400
546 h w 0.05 600 3107
Vapor 3000 108
Copper
Cu-60 D05 9 10 410°% 0.5 3 10¢
232 m W 0.5 L 10° 5107
Y 0.5 [ 107 410
Cu-61 D 0.5 3 104 L 107 0.5 110
3.408 h W05 4 10* 2 107
Y 0.5 410 t 103
Cu-64 D 0.5 310! 1107 0.5 1 10
12.701 h W 0.5 2 104 1107
Y 0.5 2 10 9108
Cu-67 D05 £000 310 0.5 5000
6186 h W 0.5 5000 2 108
Y 0.5 5000 2 106
Zinc
Zn-62 Y 0.5 3000 108 0.5 1000
926 h
Zn-63 Y 0.5 7 10¢ 3107 0.5 210!
381 m
Zn-65 Y 0.5 300 i 107 0.5 400
2439 d
Zn-69 Y 0.5 [ 10 610 0.5 6 10°
57 m
Zn-69m Y 0.5 7000 3108 0.5 4000
13.76 h
Zn-TIm Y 0.5 2 10* 710 0.5 6000

392h
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Table 1.a, Cont’d.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f, MBq MBqg/m’ £, MBq
Zn-72 Y 0.5 40 0.02 0.5 40
46.5 h
Gallium
Ga-65 D 0.001 6000 3 0.001 2000
15.2 m W 0.001 7000 3
Ga-66 D 0.001 100 0.05 0.001 40
9.40 h W 0.001 100 0.04
Ga-67 D 0.001 500 0.2 0.001 300
78.26 h W 0.001 400 0.2
Ga-68 D 0.001 2000 0.6 0.001 600
68.0 m W 0.001 2000 0.8
Ga-70 D 0.001 6000 3 0.001 2000
21.15m W 0.001 7000 3
Ga-72 D 0.001 100 0.05 0.001 40
14.1 h W 0.001 100 0.05
Ga-73 D 0.001 600 0.2 0.001 200
491 h W 0.001 600 0.2
Germanium
Ge-66 D1 1000 04 1 900
227h Wl 700 0.3
Ge-67 D1 3000 1 | 1000
18.7 m Wl 4000 2
Ge-68 D1 100 0.06 | 200
288 d Wl 4 0.002
Ge-69 D1 600 0.2 | 500
39.05h Wl 300 0.1
Ge-71 D1 2 10* 7 1 2 10*
118 d Wl 2000 0.7
Ge-75 D1 3000 1 1 2000
8§2.78 m Wl 3000 1
Ge-77 D1 400 0.2 1 300
11.30 h Wl 200 0.09
Ge-78 D1 800 0.3 1 800
87 m Wl 800 0.3
Arsenic
As-69 W05 4000 2 0.5 1000
152 m
As-70 W 0.5 2000 0.8 0.5 500
526m
As-71 W05 200 0.07 0.5 100

648 h
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Table 1.b, Cont’d.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f,  uCi  uCifem’ M uCi
Zn-72 Y 0.5 1000 5107 0.5 1000
46.5 h
Gallium
Ga-65 D 0.001 2 10° 710 0.001 510°
15.2 m W 0.001 2 10° 8 107
Ga-66 D 0.001 4000 110 0.001 1000
9.40 h W 0.001 3000 110°¢
Ga-67 D 0.001 110 6 10¢ 0.001 7000
78.26 h W 0.001 110 4 106
Ga-68 D 0.001 4 104 210 0.001 210%
68.0 m W 0.001 5104 210%
Ga-70 D 0.001 2 10° 710°% 0.001 5104
21.15 m W 0.001 2 10° 8 10°
Ga-72 D 0.001 4000 1106 0.001 1000
14.1 h W 0.001 3000 1106
Ga-73 D 0.001 2 10 610 0.001 5000
491 h W 0.001 2 104 610
Germanium
Ge-66 D1 310t 1105 1 210
2.27h W 2 10* 8 10¢
Ge-67 Di 9 10 410 1 3104
18.7 m Wl 110° 410%
Ge-68 D1 4000 2109 1 5000
288 d Wl 100 4 10®
Ge-69 Di 2 10* 610 1 110*
319.05h W 8000 310
Ge-71 D1 410° 2107 1 5 10°
11.8d Wl 4 104 210
Ge-75 D1 8 10* 3107 1 4 10*
8278 m W 810 410
Ge-77 D1 1104 4 106 ] 9000
11.30 h W 6000 2 10°%
Ge-78 D1 2 104 9 1076 1 2 10*
87 m W 2 104 9 108
Arsenic
As-69 W 0.5 110° 510° 0.5 3104
15.2 m
As-70 W 0.5 510 2107 0.5 110*
526 m
As-71 W 0.5 5000 2106 0.5 4000

64.8 h
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Table l1.a, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f, MBg MBq/m3 M MBg
As-72 W 0.5 50 0.02 0.5 30
26.0h
As-73 W 0.5 60 0.03 0.5 300
80.30d
As-74 W 0.5 30 0.01 0.5 60
17.76 d
As-76 W 0.5 50 0.02 0.5 40
26.32 h
As-77 W05 200 0.08 0.5 200
388h
As-78 W 0.5 800 0.3 0.5 300
90.7 m
Selenium
Se-70 D08 1000 0.6 0.8 600
4.0 m W 0.8 2000 0.7 0.05 400
Se-73 D08 500 0.2 038 300
7.15h W 0.8 600 0.2 0.05 100
Se-73m D 0.8 6000 2 0.8 2000
9m W 0.8 5000 2 0.05 1000
Se-75 D08 30 0.01 0.8 20
119.8d W 0.8 20 0.009 0.05 100
Se-79 D 0.8 30 0.01 0.8 20
65000 vy W 0.8 20 0.009 0.05 200
Se-81 D08 8000 3 0.8 2000
18.5m W 0.8 2000 4 0.05 2000
Se-81m D08 3000 | 0.8 1000
57.25m W 0.8 3000 | 0.05 900
Se-83 D08 4000 2 0.8 2000
22.5m W 0.8 5000 2 0.05 1000
Bromine
Br-74 DI 3000 I 1 800
253 m Wl 3000 |
Br-74m DI 1000 0.6 | 500
41.5 m Wl 2000 0.6
Br-75 D1 2000 0.7 I 1000
98 m W1 2000 0.8
Br-76 DI 200 0.07 I 100
16.2 h W1 200 0.07
Br-77 DI 900 0.4 i 600
56 h Wi 700 0.3




45

Table |.b, Cont’d.

Inhalation [ngestion

ALI DAC ALI
Nuclide Class/f,  »Ci  uCifcm? M uCi
As-72 W 0.5 1000 6 107 0.5 900
260 h
As-13 W 0.5 2000 7107 0.5 8000
20.30 @
As-74 W 0.5 800 3107 0.5 1000
17.76 &
As-76 W 0.5 1000 6107 0.5 1000
26.32 h
As-77 W 0.5 5000 2 10°® 0.5 4000
388 h
As-78 W 0.5 210 910" 0.5 8000
90.7 m
Selenium
Se-70 D08 4 10* 2107 0.8 210
41.0m W 0.8 4 10* 2 10% 0.05 110*
Se-73 D08 1104 510" 0.8 7000
715h W 0.8 2104 710 0.05 3000
Se-73m D 0.8 210° 6107 0.8 6 104
3% m W 0.8 110° 6107 0.05 310
Se-75 D 0.8 700 3107 0.8 500
1198 ¢ W 0.8 600 3107 0.05 3000
Se-79 D08 800 3107 0.8 600
65000 y W 0.8 600 2107 0.05 5000
Se-81 D08 2103 9107 0.8 6 10*
18.5 m W 0.8 2108 110 0.05 6104
Se-81m D 0.8 710* 3107 0.8 4 104
57.25 m w038 7104 31073 0.05 210
Se-83 D 0.8 110° 510% 0.8 4 10*
22.5m W (.8 ! 10° 510° 0.05 3104
Bromine
Br-74 D1 7104 310% 1 2 10*
253 m Wi 8 10 4103
Br-74m Di 4 10* 2107 ) 1 10¢
41.5m Wi 4 104 2107
Br-75 DI 5104 2107 1 3 10¢
98 m Wi 510 2107
Br-76 DI 5000 210° l 4000
16.2 h Wi 4000 210°
Br-77 D! 2 10* 1107 ] 2104
56 h w1 2104 8106
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Table 1.a, Cont’d.

Inhalation Ingestion
ALI DAC ALI
Nuclide Class /1, MBq MBg/m? f, MBq
Br-80 D1 7000 3 I 2000
17.4 m W 8000 3
Br-80m D1 600 0.3 1 800
442 h W 500 0.2
Br-82 D1 200 0.06 I 100
3530 h W 100 0.06
Br-83 D1 2000 1 I 2000
239 h W1 2000 1
Br-84 D1 2000 0.9 I 700
31.80m W1 2000 !
Krypton
Kr-74 Sub 0.1
11.50 m
Kr-76 Sub 0.3
14.8 h
Kr-77 Sub 0.1
747 m
Kr-79 Sub 0.6
3504 h
Kr-81 Sub 20
2110°y
Kr-83m Sub 400
1.83 h
Kr-85m Sub 0.8
448 h
Kr-85 Sub 5
10.72 y
Kr-87 Sub 0.2
76.3m
Kr-88 Sub 0.07
2.84 h
Rubidium
Rb-79 DI 4000 2 1 1000
22.9m
Rb-81 DI 2000 0.8 | 1000
4,58 h
Rb-81m Dl 110 5 1 9000
I2m
Rb-82m D1 700 0.3 1 400

6.2h
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Table 1.b, Cont'd.

Inhalation [ngestion
ALI DAC ALl
Nuclide Class/f, pCi uCifem? f, pCi
Br-80 D1 2108 8 10°s 1 510
174 m w1 210° 9103
Br-80m D1 2104 7106 [ 2 104
4.42 h Wl 1 104 6 10°
Br-82 DI 4000 210°% 1 3000
35.30 h Wl 4000 2 106
Br-83 DI 6 10 310° 1 510*
2.39 h Wl 6104 310%
Br-84 D] 6 104 2107 1 2 10
31.80 m Wl 6 10* 310
Krypton
Kr-74 Sub 3106
11.50 m
Kr-76 Sub 9106
148 h
Kr-77 Sub 4106
74.7 m
Kr-79 Sub 2 107
35.04 h
Kr-81 Sub 7104
2.110%y
Kr-83m Sub 0.0]
183 h
Kr-85m Sub 2 10°
4.48 h
Kr-85 Sub 110%
10.72 y
Kr-87 Sub 510°%
76.3 m
Kr-88 Sub 2 10
284 h
Rubidium
Rb-79 DI 110° 5103 1 4 10
229 m
Rb-81 DI 5 104 2 10 ] 410
4.58 h
Rb-8tm DI 310% 1104 1 2 10°
32 m
Rb-82m DI 2104 7106 i 1104

6.2h
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Table 1.a, Cont’d.

Inhalation Ingestion

AL DAC ALl
Nuclide Class/f;  MBq MBgq/m? f, MBq
Rb-83 Dt 40 0.02 i 20
86.2 d
Rb-84 D1 30 0.01 1 20
32.77d
Rb-86 D1 30 0.01 1 20
18.66 d
Rb-87 DI 60 0.02 1 40
47100y
Rb-88 D! 2000 ! 1 700
17.8 m
Rb-89 DI 5000 2 1 1000
152 m
Strontium
Sr-80 D 0.3 400 0.2 0.3 200
100 m Y 0.01 500 0.2 0.01 200
Sr-81 D 0.3 3000 1 0.3 900
25.5m Y 0.0 3000 1 0.01 900
Sr-82 D 0.3 10 0.006 0.3 10
25d Y 0.01 3 0.001 0.01 7
Sr-83 D 0.3 300 0.1 0.3 100
32.4 h Y 0.01 100 0.05 0.01 80
Sr-85 D 0.3 100 0.04 0.3 90
64.84 d Y 0.0t 60 0.02 0.01 100
Sr-85m D 0.3 2 104 9 0.3 8000
69.5 m Y 0.0t 310 10 0.0t 8000
Sr-87m D 0.3 5000 2 0.3 2000
2.805 h Y 0.01 6000 2 0.01 1000
Sr-89 D 0.3 30 0.01 0.3 20
50.5d Y 0.01 5 0.002 0.01 20
Sr-90 D 0.3 0.7 310 0.3 1
29.12 y Y 0.0 0.1 6 107 0.0t 20
Sr-91 D 0.3 200 0.09 0.3 80
9.5 h Y 0.0t 100 0.05 0.0t 60
Sr-92 D 0.3 300 0.1 0.3 100
271 h Y 0.01 200 0.1 0.0t 100
Yttrium
Y-86 wiilo* 100 0.05 110 50
14.74 b Y 110% 100 0.05
Y-86m w10t 2000 0.9 1 10 800
48 m Y 110* 2000 0.8
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Table 1.b, Cont’d.

[nhalation Ingestion

ALl DAC ALI
Nuclide Class /T uCi #Cifom? fy uCi
Rb-83 D1 1000 4107 1 600
86.2 d
Rb-84 D1 800 3107 | 500
32774
Rb-86 D1 800 3107 I 500
18.66 d
Rb-87 D1 2000 6 107 ] 1000
4.7 10'° y
Rb-88 D1 6 10¢ 310° | 210!
178 m
Rb-89 D1 110° 610 i 4 10
152 m
Strontium
Sr-80 D03 [ 10¢ 5106 0.3 4000
100 m Y 0.01 1104 510% 0.01 4000
Sr-81 D 0.3 g8 104 310° 0.3 3104
255 m Y 0.0 g 104 310° 0.01 2 10¢
Sr-82 D 0.3 400 2107 0.3 300
254 Y 0.0 90 410 0.01 200
Sr-83 D03 7000 310% 0.3 3000
324 h Y 0.0 4000 110 0.01 2000
Sr-85 D 0.3 3000 110% 0.3 3000
64.84 d Y 0.01 2000 6 107 0.01 4000
Sr-85m D03 610° 3107 0.3 2108
69.5 m Y 0.0 8 10° 4104 0.01 210°
Sr-87m D03 110° 5107 0.3 5104
2.805 h Y 0.0 2 10° 6 10 0.01 4 104
Sr-89 D 0.3 800 4107 0.3 600
50.5 d Y 0.0] 100 6108 0.01 500
Sr-90 D 0.3 20 g8 10°? 0.3 30
2912y Y 0.01 4 2100 0.01 400
Sr-91 D 0.3 6000 210°% 0.3 2000
95h Y 0.0] 4000 110% 0.01 2000
Sr-92 D 0.3 9000 410 0.3 3000
271h Y 0.0 7000 310% 0.01 3000
Yttrium
Y-86 w110t 3000 110°¢ 110¢ 1000
1474 h Y 110* 3000 1106
Y-86m wiilg® 610 210° 1107 210*
48 m Y 110% 510! 2107
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Table 1.2, Cont'd.

Inhalation Ingestion
ALI DAC ALI

Nuclide Class/f, MBq l'\-‘il’.'.q/m3 f, M Bqg
Y-87 w107 100 0.05 110 80
80.3 h Y 110 100 0.05
Y-88 w1 10% 9 0.004 110 40
106.64 d Y 110 9 0.004
Y-90 w110* 30 0.01 110 20
64.0 h Y 110* 20 0.009
Y-90m w110 500 0.2 110°% 300
319 h Y L10% 400 0.2
Y-91 w10t 6 0.003 [ 104 20
58.51d Y 110* 4 0.002
Y-9lm w10 9000 4 110* 5000
49.71 m Y110? 6000 2
Y-92 wli0* 300 0.1 110+ 100
3.54 h Y110 300 0.1
Y-93 w104 100 0.04 1107 40
10.1 h Y\ 10 90 0.04
Y-94 w110 3000 I 110 800
19.1 m Y 110 3000 I
Y-95 w1104 6000 2 1 10* 1000
10.7 m Y1109 5000 2
Zirconium
Zr-86 D 0.002 100 0.06 0.002 50
165 h W 0.002 100 0.04

Y 0.002 90 0.04
Zr-88 D 0.002 8 0.003 0.002 100
83.4d W 0.002 20 0.007

Y 0.002 10 0.005
Zr-89 D 0.002 100 0.05 0.002 60
78.43 h W 0.002 90 0.04

Y 0.002 90 0.04
Zr-93 D 0.002 0.2 1104 0.002 50
1.53 10%y W 0.002 0.9 4104

Y 0.002 2 9 10*
Zr-95 D 0.002 5 0.002 0.002 50
63.98d W 0.002 10 0.006

Y 0.002 10 0.004
Zr-97 D 0.002 70 0.03 0.002 20
16.90 h W 0.002 50 0.02

Y 0.002 50 0.02
Niobium
Nb-88 W 0.01 8000 4 0.01 2000
143 m Y 0.01 8000 3




51

Table 1.b, Cont'd.

[nhalation Ingestion
ALI DAC ALI

Nuclide Class/f,  uCi #Cifcm? f, uCi
Y-87 w110 3000 { 106 110* 2000
80.3 h Y 110* 3000 110
Y-88 w1107 300 1107 1107 1000
106.64 d Y 110% 200 1107
Y-90 w1 10* 700 3107 1107 400
640 h Y 110! 600 3107
Y-90m w10t 1104 510 1 10" 8000
3.19h Y 110* 1 10* 510
Y-91 w1107 200 7108 1 10 500
58.51 d Y1107 100 5108
Y-91m w110t 210° 110" 110*% 110°
4971 m Y 110% 2108 7107
Y-92 w110 9000 410 1107 3000
3.54 h Y1107 8000 310
Y-93 w110t 3000 1106 110* 1000
10.1 h Y 110* 2000 110
Y-94 wl1i10* g10¢ 3107 1104 2104
19.1 m Y 110% g 10* 3107
Y-95 wi1li1e*  210° 6 107 110¢ 410*
10.7 m Y 110 110° 6 10
Zirconium
Zr-86 D 0.002 4000 210 0.002 1000
16.5h W 0.002 3000 110%¢

Y 0.002 2000 1106
Zr-88 D 0.002 200 9108 0.002 4000
83.4d W 0.002 500 2107

Y 0.002 300 1107
Zr-89 D 0.002 4000 110¢ 0.002 2000
78.43 h W 0.002 2000 110¢

Y 0.002 2000 110°¢
Zr-93 D 0.002 6 3107° 0.002 1000
1.53 10%y W 0.002 20 1108

Y 0.002 60 2108
Zr-95 D 0.002 100 5108 0.002 1000
63.984d W 0.002 400 2107

Y 0.002 300 1107
Zr-97 D 0.002 2000 g 107 0.002 600
16.90 h W 0.002 1000 6107

Y 0.002 1000 5107
Niobium
Nb-88 W 0.01 210° 9107 0.01 5 104
14.3 m Y 0.01 210° 9 10°%
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Table 1.a, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f| MBq MBgq/m’ fy MBq
Nb-89 W 0.01 700 0.3 0.0t 200
122 m Y 0.0t 600 0.2
Nb-89 W 0.01 2000 0.6 0.0t 400
66 m Y 0.01 t000 0.6
Nb-90 W 0.0t 100 0.04 0.0t 40
14.60 h Y 0.0t 90 0.04
Nb-93m W 0.0t 70 0.03 0.0t 300
13.6y Y 0.0t 6 0.003
Nb-94 W 0.01 7 0.003 0.0t 40
203 10y Y 0.0t 0.6 210
Nb-95 W 0.0t 50 0.02 0.0t 80
35.t5d Y 0.01 40 0.02
Nb-95m W 0.0t 100 0.04 0.0t 80
86.6 h Y 0.0t 80 0.03
Nb-96 W 0.0t 100 0.04 0.0t 40
23.35h Y 0.0t 90 0.04
Nb-97 W 0.0t 3ooo 1 0.0t 800
72.t m Y 0.0t 3ooo 1
Nb-98 W 0.01 2000 0.8 0.0t 500
51.5m Y 0.0t 2000 (18]
Molybdenum
Mo-90 D08 300 0.1 0.8 200
567 h Y 0.05 200 0.07 0.05 70
Mo-93 D08 200 0.08 0.8 100
3.510% y Y 0.05 7 0.003 0.05 o00
Mo-93m D08 700 0.3 0.8 300
6.85h Y 0.05 500 0.2 0.05 200
Mo-99 D08 100 0.04 0.8 60
66.0 h Y 0.05 50 0.02 0.05 40
Mo-101 D08 5000 2 0.8 2000
14.62 m Y 0.05 6000 2 0.05 2000
Technetium
Te-93 D 0.8 3ooo | 0.8 1000
2.75h W 0.8 4000 2
Te-93m D08 6000 2 0.8 3000
43.5m W 0.8 1 10 5
Te-94 D08 700 0.3 0.8 300
293 m W08 900 0.4
Tec-94m D 0.8 2000 0.7 0.8 700
52m W08 2000 0.9
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Table 1.b, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f, uCi ;,LCi/crrl3 f, uCi
Nb-89 W 0.01 2 10 8 106 0.01 5000
122 m Y 0.01 2104 6108
Nb-89 W 0.01 4 10* 2 107 0.01 [ 10°
66 m Y 0.01 410 210%
Nb-90 W 0.01 3000 1106 0.01 1000
14.60 h Y 0.01 2000 1 10°¢
Nb-93m W 0.01 2000 8 1077 0.01 9000
136 v Y 0.01 200 710%
Nb-94 W 0.01 200 8 10°® 0.01 900
2.03 10%y Y 0.01 20 6107
Nb-95 W 0.01 1000 5 107 0.01 2000
35.15d Y 0.01 1000 5107
Nb-95m W 0.01 3000 110¢ 0.01 2000
86.6 h Y 0.01 2000 9107
Nb-96 W 0.01 3000 110¢ 0.01 1000
23.35 h Y 0.01 2000 [ 10°¢
Nb-97 W 0.0 8 104 310° 0.01 2104
72.1m Y 0.01 7104 310°
Nb-98 W 0.01 510% 2107 0.01 110*
51.5m Y 0.01 510* 2107
Molybdenum
Mo-90 D08 7000 3106 0.8 4000
5.67 h Y 0.05 5000 2 10°¢ 0.05 2000
Mo-93 D08 5000 2106 0.8 4000
3.510%y Y 0.05 200 8 10® 0.05 210*
Mo-93m D08 2 10* 710 0.8 9000
685 h Y 0.05 1 10% 610 0.05 4000
Mo-59 D08 3000 [ 106 0.8 2000
66.0 h Y 0.05 1000 6107 0.05 1000
Mo-101 D 0.8 1 10° 6107 0.8 4 10%
14.62 m Y 0.05 1 10° 6 107 0.05 4 10*
Technetium
Tc-93 D08 710* 3107 0.8 3104
275 h W 0.8 110° 410%
Tc-93m D 0.8 210° 6107 0.8 7 104
43.5m W 0.8 3105 110%
Tc-94 D038 2 10* 810 0.8 9000
293 m W 0.8 2 104 [ 107
Tc-94m D 0.8 4 104 2 10% 0.8 2 10%
52 m W 0.8 610 210°
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Table l.a, Cont'd.

Inhalation Ingestion
ALI DAC ALl

Nuclide Class/f) MBq MBq/m’ £y MBq
Tc-95 D038 800 0.3 0.8 400
20h W 0.8 700 0.3
Tc-95m D 0.8 200 0.08 0.8 100
61d W 0.8 70 0.03
Tc-96 D0.8 100 0.05 0.8 70
4284d W 0.8 80 0.03
Tc-96m D038 1 104 4 0.8 6000
51.5m W 0.8 9000 4
Tc-97 D08 2000 0.8 0.8 1000
26108y W 0.8 200 0.09
Tc-97m D08 200 0.1 0.8 200
874d W 0.8 40 0.02
Tc-98 D08 60 0.02 0.8 40
42108y W 0.8 10 0.005
Tc-99 D08 200 0.08 0.8 100
213 10°y W 0.8 20 0.01
Tc-99m D 0.8 6000 2 0.8 3000
6.02 h W 0.8 9000 4
Tc-101 D 0.8 110 5 0.8 3000
142 m W 0.8 [ 10* 6
Tc-104 D 0.8 3000 ] 0.8 800
18.2 m W 0.8 3000 1
Ruthenium
Ru-94 D 0.05 2000 0.7 0.05 600
51.8m W 0.05 2000 I

Y 0.05 2000 0.9
Ru-97 D 0.05 700 0.3 0.05 300
294d W 0.05 500 0.2

Y 0.05 400 0.2
Ru-103 D 0.05 60 0.03 0.05 70
39.284d W 0.05 40 0.02

Y 0.05 20 0.01
Ru-105 D 0.05 500 0.2 0.05 200
4.44 h W 0.05 500 0.2

Y 0.05 400 0.2
Ru-106 D 0.05 3 0.001 0.05 7
368.2 d W 0.05 2 8 10+

Y 0.05 0.4 2104
Rhodium
Rhb-99 D 0.05 100 0.05 0.05 90
16 d W 0.05 80 0.03

Y 0.05 70 0.03
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Table LI.b, Cont'd.

Inhalation Ingestion
ALI DAC ALI

Nuclide Class /f; uCi pCifem’ i zCi
Tc-95 D 0.8 2 10* 9 10 0.8 1104
20 h W 0.8 2 10* 810
Te-95m D 0.8 5000 2106 0.8 4000
61 d W 0.8 2000 8 107
Tc-96 D 0.8 3000 1 10¢ 0.8 2000
428 d W 0.8 2000 9 107
Te-96m D 0.8 310° 110 0.8 210°
51.5m W08 2 10° |1 10¢
Tc-97 D08 5 10* 2107 0.8 4 10
2.6 10% y W 0.8 6000 2 106
Tc-97m D 0.8 7000 310 0.8 5000
874d W 0.8 1000 5107
Tc-98 D 0.8 2000 7107 0.8 1000
42 10%y W 0.8 300 1107
Tec-99 D 0.8 5000 2106 0.8 4000
2.13 10y W 0.8 700 3107
Tc-99m D08 210° 6 107 0.8 8 10¢
6.02 h W 0.8 2 10° 110*
Tc-101 D08 310° 110% 0.8 9 104
142 m W 0.8 4 10° 2 104
Tc-104 D 0.8 710 3107 0.8 210
18.2 m W 0.8 9 10 4107
Ruthenium
Ru-94 D 0.05 4 10 210° 0.05 2 104
518 m W 0.05 6 10* 3107

Y 0.05 6 10* 2 108
Ru-97 D 0.05 2 104 8 10 0.05 8000
29d W 0.05 1 10* 510%

Y 0.05 1104 5 10°
Ru-103 D 0.05 2000 7107 0.05 2000
39.28 d W 0.05 1000 4107

Y 0.05 600 3107
Ru-105 D 0.05 1104 6 10°¢ 0.05 5000
4.44 h W 0.05 1104 610

Y 0.05 1 10° 510%
Ru-106 D 0.05 90 4 10t 0.05 200
368.2 d W 0.05 50 2108

Y 0.05 10 5107
Rhodium
Rh-99 D 0.05 3000 110 0.05 2000
16 d W 0.05 2000 9 107

Y 0.05 2000 8107
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Table 1.a, Cont'd.

[nhalation [ngestion
ALl DAC ALl
Nuclide Class/f, MBq MBq/m" fi MBq
Rh-99m D 0.05 2000 0.9 0.05 700
47h W 0.05 3000 |
Y 0.05 2000 ]
Rh-100 D 0.05 200 0.08 0.05 60
20.8 h W 0.05 100 0.06
Y 0.05 100 0.06
Rh-101 D 0.05 20 0.008 0.05 80
32y W 0.05 30 0.01
Y 0.05 6 0.002
Rh-101m D 0.05 400 0.2 0.05 200
434 d W 0.05 300 0.1
Y 0.05 300 0.1
Rh-102 D 0.05 3 0.001 0.05 20
29y W 0.05 7 0.003
Y 0.05 2 9 10
Rh-102m D 0.05 20 0.008 0.05 50
207 d W 0.05 10 0.006
Y 0.05 4 0.002
Rh-103m D 0.05 410 20 0.05 2 10¢
56.12 m W 0.05 5 10 20
Y 0.05 4 104 20
Rh-105 D 0.05 400 0.2 0.05 100
35.36 h W 0.05 200 0.1
Y 0.05 200 0.09
Rh-106m D 0.05 900 0.4 0.05 300
132 m W 0.05 1000 0.6
Y 0.05 1000 0.5
Rh-107 D 0.05 9000 4 0.05 3000
21.7 m W 0.05 110 4
Y 0.05 9000 4
Palladium
Pd-100 D 0.005 50 0.02 0.005 50
363 d W 0.005 50 0.02
Y 0.005 50 0.02
Pd-101 D 0.005 1000 0.5 0.005 500
8.27 h W 0.005 1000 0.5
Y 0.005 1000 0.5
Pd-103 D 0.005 200 0.1 0.005 200
16.96 d W 0.005 200 0.07

Y 0.005 100 0.05
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Table 1.b, Cont'd.

Inhalation Ingestion
ALI DAC ALI
Nuclide Class/f, uCi ,uCi/cm3 fy aCi
Rh-99m D 0.05 6 10? 210 0.05 2 10*
4.7h W 0.05 810! 3107
Y 0.05 710 3107
Rh-100 D 0.05 5000 2 106 0.0% 2000
20.8 h W 0.05 4000 2106
Y 0.05 4000 210¢
Rh-101 D 0.05 500 2 1o7? 0.05 2000
3.2y W 0.05 800 3107
Y 0.05 200 6108
Rh-i0lm D 0.05 i104 5106 0.05 6000
4.34 d W 0.05 8000 4 10%
Y 0.05 8000 310
Rh-102 D 0.0% 90 4 108 0.05 600
29y W 0.05 200 7108
Y 0.05 60 2108
Rh-102m D 0.05 500 2 107 0.05 1000
207 d W 0.05 400 2107
Y 0.05 100 510
Rh-103m D 0.05 1 106 510% 0.05 4 10°
56.12 m W 0.0S 1108 510
Y 0.05 1108 510¢
Rh-105 D 0.05 110 5106 0.05 4000
35.36 h W 0.05 6000 310°%
Y 0.05 6000 2 106
Rh-106m D 0.05 3 10* 110° 0.05 8000
132 m W 0.05 4 10 210°%
Y 0.05 4104 1107
Rh-107 D 0.05 210 10 0.0% 7104
217 m W 0.05 3 10° i10*
Y 0.05 310° 1 10%
Palladium
Pd-100 D 0.005 1000 6107 0.005% 1000
3.63 d W 0.005 1000 5107
Y 0.005 1000 6107
Pd-101 D 0.005 310! 1 10° 0.005 | 104
827 h W 0.005 310* i10%
Y 0.005 310 1103
Pd-103 D 0.005 6000 310 0.005 6000
16.96 d W 0.005 4000 210¢
Y 0.005 4000 1 10¢
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Table f.a, Cont'd.

Inhalation Ingestion
ALI DAC ALI
Nuclide Class/f, MBg MBg/m? f M Bg
Pd-107 D 0.005 800 0.3 0.005 1000
6510y W 0.005 300 0.1
Y 0.005 10 0.006
Pd-109 D 0.005 200 0.1 0.005 0
13.427 h W 0.005 200 0.09
Y 0.005 200 0.07
Silver
Ag-102 D 0.05 7000 3 0.05 2000
129 m W 0.05 8000 3
Y 0.05 7000 3
Ag-103 D 0.05 4000 2 0.05 1000
65.7 m W 0.05 5000 2
Y 0.05 4000 2
Ag-104 D 0.05 3000 1 0.05 800
69.2 m W 0.05 5000 2
Y 0.05 6000 2
Ag-104m D 0.05 4000 ] 0.05 1000
33.5m W 0.05 5000 2
Y 0.05 4000 2
Ag-105 D 0.05 40 0.02 0.05 100
41.0d W 0.05 60 0.03
Y 0.05 60 0.03
Ag-106 D 0.05 7000 3 0.05 2000
23,96 m W 0.05 8000 3
Y 0.05 7000 3
Ag-106m D 0.05 30 0.01 0.05 30
8.41d W 0.05 30 0.01
Y 0.05 30 0.01
Ag-108m D 0.05 7 0.003 0.05 20
127 y W 0.05 9 0.004
Y 0.05 0.9 4 10%
Ag-110m D 0.05 5 0.002 0.05 20
249.9d W 0.05 7 0.003
Y 0.05 3 0.001
Ag-111 D 0.05 60 0.02 0.05 30
7.45d W 0.05 30 0.01
Y 0.05 30 0.01
Ag-l112 D 0.05 300 0.1 0.05 100
312 h W 0.05 400 0.2
Y 0.05 300 0.1
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Table 1.b, Cont’d.

Inhalation Ingestion
ALI DAC ALI
Nuclide Class/f, pCi uCijem? f pCi
Pd-107 D 0.005 2 10¢ 9 106 0.005 3104
6.510%y W 0.005 7000 3106
Y 0.005 400 2107
Pd-109 D 0.005 6000 3106 0.005 2000
13.427 h W 0.005 5000 2106
Y 0.005 5000 2 10%
Silver
Ag-102 D 0.05 210° 8 107 0.05 5 104
129 m W 0.05 210° 9107
Y 0.05 210° 810°
Ag-103 D 0.05 110° 410° 0.05 110
65.7 m W 0.05 [ 10° 5107
Y 0.05 110° 5107
Ag-104 D 0.05 7104 3103 0.05 2 104
69.2 m W 0.05 110° 6107
Y 0.05 110° 6 107
Ag-104m D 0.05 9 104 4107 0.05 3104
335 m W 0.05 110° 5107
Y 0.05 110° 5108
Ag-105 D 0.05 1000 4107 0.05 3000
41.0d W 0.05 2000 7107
Y 0.05 2000 7107
Ag-106 D 0.05 2 10° 8 107° 0.05 6 104
2396 m W 0.05 210° 9107
Y 0.05 2100 8 10°%
Ag-106m D 0.05 700 3107 0.05 800
8414d W 0.05 900 1107
Y 0.05 900 4107
Ag-108m D 0.05 200 8108 0.05 600
127 y W 0.05 300 1107
Y 0.05 20 1108
Ag-110m D 0.05 100 5108 0.05 500
2499 d W 0.05 200 8 10®
Y 0.05 90 4108
Ag-111 D 0.05 2000 6 107 0.05 900
7.454d W 0.05 900 4 1077
Y 0.05 900 1107
Ag-112 D 0.05 8000 310 0.05 3000
312 h W 0.05 110 4 106
Y 0.05 9000 4106
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Table 1.a, Cont'd.

Inhalation Ingestion
ALl DAC ALI

Nuclide Class/f, MBqg MBq/m3 f, MBq
Ag-115 D 0.05 3000 1 0.05 (000
20.0 m W 0.05 3000 1

Y 0.05 3000 1
Cadmivm
Cd- 104 D 0.05 2000 1 0.05 800
577 m W 0.05 4000 2

Y 0.05 4000 2
Cd-107 D 0.05 2000 0.8 0.05 800
6.49 h W 0.05 2000 0.9

Y 0.05 2000 0.8
Cd-109 D 0.05 ! 510 0.05 (0
464 d W 0.05 4 0.002

Y 0.05 4 0.002
Cd-113 D 0.05 0.08 3 10°% 0.05 0.8
93107y W 0.05 0.3 110t

Y 0.05 0.5 210%
Cd-113m D 0.05 0.09 4107 0.05 0.9
136y W 0.05 0.3 1 10

Y 0.05 0.5 210%
Cd-115 D 0.05 50 0.02 0.05 30
53.46 h W 0.05 50 0.02

Y 0.05 50 0.02
Cd-115m D 0.05 2 8 10" 0.05 (0
44.6 d W 0.05 5 0.002

Y 0.05 5 0.002
Cd-117 D 0.05 400 0.2 0.05 200
2.49 h W 0.05 600 0.3

Y 0.05 500 0.2
Cd-t17m D C.05 500 0.2 0.05 200
3.36 h W 0.05 600 0.3

Y 0.05 500 0.2
Indium
In-109 D 0.02 2000 0.7 0.02 700
42 h W 0.02 2000 1
In-110 D 0.02 600 0.3 0.02 200
49 h W 0.02 700 0.3
In-110 D 0.02 2000 0.7 0.02 600
69.1 m w 0.02 2000 0.9
In-111 D 0.02 200 0.1 0.02 200
2.83d W 0.02 200 0.1
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Table 1.b, Cont'd.

inhalation Ingestion
ALI DAC ALl

Nuclide Class/f, pCi #Cifem? £ uCi
Ag-115 D 0.05 9 10* 4107 0.05 310¢
20.0 m W 0.05 9 104 410°

Y 0.05 8 10* 310°
Cadmivm
Cd-104 D 0.05 7 10* 3 10° 0.05 210*
57.7m W 0.05 110° 510°%

Y 0.05 110¢ 5 10°
Cd-107 D 0.05 510t 2107 0.05 210!
6.49h W 0.05 6104 210°

Y 0.05 510t 210°
Cd-109 D 0.05 40 110% 0.05 300
464 d W 0.05 100 510%

Y 0.05 100 5 10%
Cd-113 D 0.05 2 9 1010 0.05 20
9.3 10y W 0.05 8 310°

Y 0.05 10 6 10°
Cd-113m D 0.05 2 110° 0.05 20
13.6 y W 0.05 8 4107

Y 0.05 10 510°
Cd-115 D 0.05 1000 6 107 0.05 900
53.46 h W 0.05 1000 5107

Y 0.05 1000 6 107
Cd-115m D 0.05 50 2 10t 0.05 300
44.6 d W 0.05 100 510

Y 0.05 100 6 10%
Cd-117 D 0.05 110 5 10 0.05 5000
2.49 h W 0.05 2104 7 10°%

Y 0.05 1104 6 10°6
Cd-117m D 0.05 1104 510 0.05 5000
3.36 h W 0.05 2 10# 7 1076

Y 0.05 1104 6106
Indium
In-109 D 0.02 4104 210° 0.02 2 104
4.2 h W 0.02 6 10* 310%
In-110 D 0.02 2 10¢ 710 0.02 5000
49 h W 0.02 2 104 8 106
In-110 D 0.02 4 10¢ 2107 0.02 2104
69.1m W 0.02 6 10¢ 2 10°%
In-111 D 0.02 6000 310 0.02 4000
2.834d W 0.02 6000 310
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Table 1.a, Cont’d.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f, MBq MBgq/m? f, MBq
In-112 D 0.02 2 104 10 0.02 6000
14.4 m W 0.02 3104 10
In-113m D 0.02 5000 2 0.02 2000
1.658 h W 0.02 7000 3
In-114m D 0.02 2 0.001 0.02 10
49.51 d W 0.02 4 0.002
In-115 D 0.02 0.05 2108 0.02 ]
51108y W 0.02 0.2 8 103
In-115m D 0.02 2000 0.7 0.02 500
4.486 h W 0.02 2000 0.7
In-116m D 0.02 3000 | 0.02 900
54.15 m W 0.02 4000 2
In-117 D 0.02 6000 3 0.02 2000
43.8m W 0.02 8000 3
In-117m D 0.02 1000 0.5 0.02 400
116.5m W 0.02 2000 0.7
In-119m D 0.02 5000 2 0.02 1000
18.0 m W 0.02 5000 2
Tin
Sn-110 D 0.02 400 0.2 0.02 100
4.0 h W 0.02 400 0.2
Sn-111 D 0.02 8000 3 0.02 3000
353m W 0.02 1104 4
Sn-113 D 0.02 50 0.02 0.02 60
115.1d W 0.02 20 0.009
Sn-117m D 0.02 50 0.02 0.02 60
13.61 d W 0.02 50 0.02
Sn-119m D 0.02 90 0.04 0.02 100
293.0d W 0.02 40 0.02
Su-121 D 0.02 600 0.2 0.02 200
27.06 h W 0.02 400 0.2
Sn-121m D 0.02 30 0.01 0.02 100
55y W 0.02 20 0.008
Sn-123 D 0.02 20 0.01 0.02 20
129.2d W 0.02 6 0.003
Sn-123m D 0.02 4000 2 0.02 2000
40.08 m W 0.02 5000 2
Sn-125 D 0.02 30 0.01 0.02 10
9.64 d W 0.02 10 0.005
Sn-126 D 0.02 2 9 10 0.02 10

1.0 10° y W 0.02 2 0.001
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Table 1.b, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f, Ci uCifcm? £, 1Ci
In-112 D 0.02 6 10° 3104 0.02 2 10°
144 m W 0.02 7 10° 3104
In-113m D 0.02 110° 6 10°% 0.02 5104
1.658 b W 0.02 2108 810°
In-114m D 0.02 60 3104 0.02 300
49.51 d W 0.02 100 4108
In-115 D 0.02 I 61010 0.02 40
51108y W 0.02 5 2107
In-115m D 0.02 4 104 210°% 0.02 1 104
4.486 h W 0.02 5 10 210°
In-116m D 0.02 810* 3107 0.02 210
54.15 m W 0.02 1 10° 510°
In-117 D 0.02 2108 7105 0.02 6 10*
438 m W 0.02 2 10° 910
In-117m D 0.02 3 10 1107 0.02 1104
1165 m W 0.02 4 10 2107
In-119m D 0.02 110° 510° 0.02 4 10*
18.0 m W 0.02 110° 6 10°
Tin
Sn-110 D 0.02 1104 5108 0.02 4000
4.0 h W 0.02 1104 5108
Sn-111 D 0.02 2108 9 107 0.02 7 104
353 m W 0.02 3 10° 110
Sn-113 D 0.02 1000 5107 0.02 2000
1151 d W 0.02 500 2107
So-117m D 0.02 1000 5107 0.02 2000
13.61 d W 0.02 1000 6 107
Sn-119m D 0.02 2000 110 0.02 3000
293.0d W 0.02 1000 4107
Sn-121 D 0.02 210! 6 10 0.02 6000
27.06 h W 0.02 1104 510°%
Sn-121m D 0.02 900 4107 0.02 3000
55y W 0.02 500 2107
Sn-123 D 0.02 600 3107 0.02 500
129.2d W 0.02 200 710
Sn-123m D 0.02 1 10° 5107° 0.02 5 10*
40.08 m W 0.02 110° 6 107
Sn-125 D 0.02 900 4107 0.02 400
964 d W 0.02 400 1107
Sn-126 D 0.02 60 2108 0.02 300
1.010° y W 0.02 70 310%
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Table 1.3, Cont'd.

Inhalation Ingestion

ALl DAC ALI
Nuclide Class/f,  MBq MBq/m’ f, MBq
Sn-127 D 0.02 700 0.3 0.02 300
2.10h W 0.02 700 0.3
Sn-128 D 0.02 1000 0.4 0.02 400
59.l m W 0.02 1000 0.6
Antimony
Sb-115 D01 9000 4 0.1 3000
31.8m W 0.01 110* 5 0.01 3000
Sb-116 D 0.1 110 4 0.1 3000
158 m W 0.01 1104 5 0.01 3000
Sb-116m D 0.1 3000 1 0.1 800
60.3 m w 0.01 5000 2 0.01 800
Sb-117 D 0.1 8000 3 0.1 3000
280h W 0.01 110 4 0.01 3000
Sb-118m D 0.1 700 0.3 0.1 200
500h W 0.01 800 0.3 0.01 200
Sb-119 D 0.1 2000 0.7 0.1 600
38.1h w 0.01 1000 04 0.01 500
Sb-120 D 0.1 2 10 7 0.1 4000
1589 m W 0.01 2 10* 8 0.01 4000
Sb-120 D01 80 0.03 0.1 40
5.76d W 0.01 50 0.02 0.01 30
Sb-122 D 0.1 90 0.04 0.1 30
2.70d W 0.01 40 0.02 0.01 30
Sb-124 D 0.1 30 0.01 0.1 20
60.20d w 0.01 9 0.004 0.01 20
Sb-124m D 0.1 310 10 0.1 9000
93s W 0.01 2104 9 0.01 9000
Sb-125 D 0.1 90 0.04 0.1 80
271y W 0.01 20 0.008 0.01 70
Sb-126 DO.1 40 0.02 0.1 20
124 d W 0.01 20 0.008 0.01 20
Sb-126m D 0.1 7000 3 0.1 2000
190 m W 0.01 7000 3 0.01 2000
Sb-127 D 0.1 80 0.03 0.1 30
3.85d W 0.01 30 0.01 0.01 30
Sb-128 D 0.1 1104 6 0.1 3000
10.4 m W 0.01 2 10 7 0.01 3000
Sb-128 D 0.1 200 0.07 0.1 50
90l h W 0.01 100 0.05 0.01 40
Sb-129 D 0.1 300 0.1 0.1 100
432h W 0.01 300 0.1 0.01 100
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Table .b, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class /f, uCi uCifem? f sCi
Sn-127 D 0.02 2 10 8 10 0.02 7000
210 h w 0.02 2 104 8 10
Sn-128 D 0.02 3104 1 107 0.02 9000
59.1m w 0.02 4 10* 1107
Antimony
Sb-115 DOl 210° 110 0.1 8 104
3.8 m W 0.0l 310° 110 0.01 8 10
Sb-116 D 0.1 310° 110 0.1 710!
158 m W 0.01 310° 110 0.01 7 10*
Sb-116m D 0.1 7104 310°% 0.1 210
603 m W 0.01 110° 6107 0.01 2 10*
Sb-117 D 0.1 2 10° 9 107 0.1 7 10¢
280h W 0.01 3108 110* 0.01 7 10*
Sb-118m D 0.1 2 104 810% 0.1 6000
5.00h W 0.01 2104 9 106 0.01 5000
Sb-119 D 0.l 510° 21073 0.1 210°
38.1h W 0.01 3104 1107% 0.01 1104
Sb-120 D 0.1 4 10° 210 0.1 110°
1589 m W 0.01 510° 210* 0.01 1103
Sb-120 D 0.1 2000 9107 0.1 1000
5.76 d W 0.01 1000 5107 0.01 900
Sh-122 Dol 2000 1106 0.1 800
2.70d W 0.01 1000 4107 0.01 700
Sb-124 D 0.1 900 4107 0.1 600
60.20 d W 0.01 200 1107 0.01 500
Sb-124m D 0.1 8 10° 4 10* 0.1 3 10°
935 W 0.01 6 10° 210* 0.01 210°
Sb-125 D 0.1 2000 110 0.1 2000
277y W 0.01 500 2107 0.01 2000
Sb-126 D 0.1 1000 5107 0.1 600
12.4d W 0.01 500 2107 0.01 500
Sb-126m Dol 210° 810 0.1 5 10*
19.0 m W 0.01 210° 8 10? 0.0! 5 10¢
Sb-127 D 0.1 2000 9 107 0.1 800
3.85d W 0.01 900 4107 0.01 700
$b-128 D 0.1 4 10° 210 0.1 8 10*
104 m W 0.01 4 10° 2 104 0.01 8 104
Sb-128 D 0.1 4000 210 0.1 1000
9.01 h W 0.01 3000 110°¢ 0.01 1000
Sb-129 D 0.1 9000 4 1076 0.1 3000
4.32h W 0.01 9000 4 108 0.01 3000
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Table |.a, Cont’d.

Inhalation Ingestion

ALl DAC ALI
Nuclide Class/f, MBq MBq/m’ f MBq
Sb-130 D 0.1 2000 | 0.1 700
40 m W 0.01 3000 1 0.01 700
Sb-131 D 0.1 900 0.4 0.1 600
23m W 0.01 900 0.4 0.01 600
Tellurium
Te-116 D0.2 800 0.3 0.2 300
249 h W 0.2 1000 0.5
Te-121 D 0.2 200 0.06 0.2 100
17d W 0.2 100 0.05
Te-121m Do0.2 7 0.003 0.2 20
154 d W 0.2 20 0.006
Te-123 D02 7 0.003 0.2 20
110ty W 0.2 20 0.007
Te-123m D02 8 0.003 0.2 20
1197 d W 0.2 20 0.008
Te-125m D02 20 0.006 0.2 40
584d W 0.2 30 0.01
Te-127 DO0.2 800 0.3 0.2 300
9.35h W 0.2 600 0.3
Te-127m D 0.2 10 0.004 0.2 20
109 d W 0.2 9 0.004
Te-129 D 0.2 2000 | 0.2 1000
69.6 m W 0.2 3000 |
Te-129m D 0.2 20 0.0t 0.2 20
33.6d W 0.2 9 0.004
Te-131 D02 200 0.08 0.2 100
250m W 0.2 200 0.08
Te-131m Do0.2 20 0.006 0.2 10
30h W 0.2 10 0.006
Te-132 D 0.2 9 0.004 0.2 8
78.2 h W 0.2 8 0.003
Te-133 D 0.2 800 0.4 0.2 500
1245 m W 0.2 800 0.4
Te-133m D02 200 0.08 0.2 100
554 m W 0.2 200 0.08
Te-134 D 0.2 900 0.4 0.2 600
41.8 m W 0.2 900 0.4
Iodine
I-120 D1 300 0.1 1 100

8§1.0m
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Table 1.b, Cont'd.

Inhalation Ingestion

ALl DAC ALl
Nuclide Class/f, #Ci pCifem? f, #Ci
Sb-130 D 0.1 6 104 3107 0.1 210!
40 m W 0.01 8 104 3 10° 0.01 2104
Sh-131i D 0.1 2 10¢ 11078 0.1 104
23 m W 0.01 2104 110% 0.01 1 10*
Tellurium
Te-116 D 0.2 2104 910 0.2 8000
2.49 h W 0.2 3104 11073
Te-121 D02 4000 2106 0.2 3000
17 d W 0.2 3000 1 10
Te-121m DO0.2 200 8108 0.2 500
154 d W 0.2 400 2107
Te-123 D 0.2 200 8108 0.2 500
1102y W 0.2 400 2107
Te-123m D 0.2 200 9 108 0.2 600
1197 d W 0.2 500 2107
Te-125m D 0.2 400 2107 0.2 1000
58 d W 0.2 700 3107
Te-127 D0.2 2 10 9106 0.2 7000
9.35h W 0.2 2 104 710
Te-127m D 0.2 300 1107 0.2 600
109 d W 0.2 300 1107
Te-129 D 0.2 6 10% 310% 0.2 3104
69.6 m W 0.2 7 10* 3 10°
Te-129m Do0.2 600 3107 0.2 500
33.6 d W 0.2 200 1107
Te-131 D 0.2 5000 210 0.2 3000
25.0 m W 0.2 5000 210
Te-131m D 0.2 400 2107 0.2 300
30 h W 0.2 400 2107
Te-132 D0.2 200 9 10% 0.2 200
78.2 h W 0.2 200 9 10%
Te-133 D02 2 104 9 1076 0.2 1104
1245 m W 0.2 2 10¢ 910
Te-133m D0.2 5000 2 10°¢ 0.2 3000
554 m W 0.2 5000 210
Te-134 D 0.2 2 10* 110 0.2 2 10¢
4.8 m W 0.2 2 10¢ 1103
lodine
I-120 Di 9000 4 10 1 4000

Bi.0m
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Table 1.a, Cont'd.

[nhalation Ingestion

ALl DAC ALl
Nuclide Class/f,  MBg MBg/m’ f, MBgq
[-120m D1 800 0.3 i 400
33m
[-121 D1 700 0.3 [ 400
2.12h
[-123 DI 200 0.09 | 100
132 h
[-124 D1 3 0.001 1 2
418 d
[-125 D1 2 0.001 1 |
60.14 d
[-126 D1 1 5104 1 0.8
13.02d
[-128 D1 4000 2 | 2000
2499 m
[-129 D 0.3 110 1 0.2
157107y
[-130 D1 30 0.01 ! 10
1236 h
1-131 D 2 7104 1 1
8.04d
[-132 D1 300 0.1 | 100
230 h
[-132m DI 300 0.1 | 100
836 m
{-133 D1 10 0.004 1 5
208 h
[-134 DI 2000 0.7 1 800
52.6m
[-135 DI 60 0.02 I 30
6.61 h
Xencn
Xe-120 Sub 0.4
40 m
Xe-121 Sub 0.08
40.1 m
Xe-122 Sub 3
201 h
Xe-123 Sub 0.2
208 h
Xe-125 Sub 0.6

170 h
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Table 1.b, Cont'd.

Inhalation [ngestion

ALI DAC ALI
Nuclide Class/f, uCi #Ci fem? f| uCi
1-120m D1 2 10¢ 9 10% 1 110
53m
I-121 D1 2 10* 8 10°¢ ] 1104
2.12h
1-123 D1 6000 310 1 3000
13.2h
1-124 D1 80 3108 1 50
418 d
1-125 D1 60 3108 1 40
60.14 d
[-126 D1 40 110" 1 20
13.02 d
[-128 Di 110° 5107 | 410
24.99 m
1-129 D1 9 4 10° ] 5
1.57 10 y
1-130 D1 700 3107 1 400
12.36 h
1-131 D1 50 210" I 30
8.04 d
1-132 D1 8000 310 I 4000
230 h
1-132m D1 8000 4106 1 4000
83.6 m
1-133 D1 300 1107 ] 100
208 h
1-134 D1 5104 210 | 2 104
52.6 m
1-135 D1 2000 7107 1 800
6.61 h
Xenon
Xe-120 Sub 1103
40 m
Xe-121 Sub 2 10
401 m
Xe-122 Sub 710
20.1 h
Xe-123 Sub 6 106
2.08 h
Xe-125 Sub 2 10°

170 h
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Table 1.a, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f,  MBq MBg/m? MBq
Xe-127 Sub 0.5
3641 d
Xe-129m Sub 7
8.0d
Xe-131m Sub 10
11.9d
Xe-133m Sub 5
2,188 d
Xe-133 Sub 4
5.245d
Xe-135m Sub 0.3
15.29 m
Xe-135 Sub 0.5
9.09 h
Xe-138 Sub 0.1
14.17 m
Cesium
Cs-125 D1 5000 2 2000
45 m
Cs-127 D1 4000 | 2000
6.25h
Cs-129 D1 1000 0.5 900
32.06 h
Cs-130 D1 7000 3 2000
299 m
Cs-131 D1 1000 0.5 800
9.69d
Cs-132 Dt 100 0.06 100
6.475d
Cs-134 D1 4 0.002 3
2062y
Cs-134m D1 5000 2 4000
290h
Cs-135 D1 40 0.02 30
2.310%y
Cs-135m D1 7000 3 4000
53m
Cs-136 D1 20 0.01 20
13.1d
Cs-137 D1 6 0.002 4

30.0 y
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Table 1.b, Cont'd.

Inhalation Ingestion

ALl DAC ALl
Nuclide Class/f, uCi pCijem? f, uCi
Xe-127 Sub | 107
3641 d
Xe-129m Sub 210
80d
Xe-131m Sub 410"
11.9d
Xe-133m Sub 110%
2.188 d
Xe-133 Sub 1 10%
5.245d
Xe-135m Sub 9 10®
15.29 m
Xe-135 Sub 1107
9.09 h
Xe-138 Sub 410"
14.17 m
Cesium
Cs-125 D1 1103 6107 1 5 104
45 m
Cs-127 DI 9 104 4 10° | 6 10*
6.25 h
Cs-129 D1 3 10¢ | 107 1 2 10*
32.06 h
Cs-130 DI 210° 8 10° 1 6 10*
299 m
Cs-131 DI 310 1103 ] 2 10%
969 d
Cs-132 DI 4000 2 10% 1 3000
6.475d
Cs-134 DI 100 4108 1 70
2.062 y
Cs-134m Y| 110° 6107 1 1 10°
290 h
Cs-135 D1 1000 5107 1 700
23108y
Cs-135m D1 2 10% 8 107 1 1 10°
53 m
Cs-136 DI 700 3107 1 400
13.1d
Cs-137 D1 200 6 10 1 100

30.0 y
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Table l.a, Cont'd.

Inhalation Ingestion

ALl DAC ALI
Nuclide Class/f) MBq MBq/m? £y MBq
Cs-138 D1 2000 0.9 1 700
322m
Barium
Ba-126 D 0.1 600 0.2 0.1 200
96.5 m
Ba-128 D Q1 70 0.03 0.1 20
2434
Ba-131 D D1 300 0.1 0.1 100
11.84d
Ba-131m D 0.1 5 104 20 0.1 110%
146 m
Ba-133 D01 30 0.01 0.1 60
10.74 y
Ba-133m D 0.1 300 0.1 0.1 90
389h
Ba-135m DO0.1 400 0.2 0.1 100
28.7h
Ba-139 D O.f 1000 0.5 0.1 500
82.7m
Ba-140 D01 50 0.02 0.1 20
12.74 d
Ba-141 D 0.1 3000 1 0.1 900
18.27 m
Ba-142 D 0.1 5000 2 0.1 2000
10.6 m
Lanthanum
La-131 D 0.001 4000 2 0.001 2000
59 m W 0.001 6000 3
La-132 D 0.001 400 0.2 0.001 100
48 h W 0.001 400 0.2
La-135 D 0.001 4000 2 0.001 1000
19.5h W 0.001 4000 1
La-137 D 0.001 2 0.001 0.001 400
610%y W 0.001 10 0.004
La-138 D 0.001 0.1 5103 0.001 30
1.35 101 y W 0.001 0.5 2 10
La-140 D 0.001 50 0.02 0.001 20
40.272 h W 0.001 40 0.02
La-141 D 0.001 300 0.1 0.001 100

393 h W 0.001 400 0.2
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Table |.b, Cont’d.

Inhalation Ingestion

ALl DAC ALI
Nuclide Class /f, uCi nCifom® f uCi
Cs-138 DI 6 10? 21073 1 210
322 m
Barium
Ba-126 Do.l 2104 6 10 0.1 6000
96.5 m
Ba-128 DoO.1 2000 7 t07? 0.1 500
243 d
Ba-131 D 0.1 8000 3106 0.1 3000
11.8 d
Ba-131m D 0.1 1108 6 10 0.1 410°
146 m
Ba-133 D 0.1 700 3107 0.1 2000
10.74 y
Ba-133m D 0.1 9000 4108 0.1 2000
389 h
Ba-135m D 0.1 [ 10 510 0.1 3000
287 h
Ba-139 D 0.1 310 [ 1075 0.1 [ 10*
827 m
Ba-140 D 0.1 1000 6 107 0.1 500
12.74 d
Ba-141 D 0.1 7 10* 3104 0.1 2 104
18.27 m
Ba-142 D 0.1 [ 10% 6 107 0.1 510*
106 m
Lanthanum
La-131 D 0.001 [ 10° 5107 0.001 510*
59 m W 0.001 2107 7107
La-132 D 0.001 1104 410 0.001 3000
4.8 h W 0.001 [ 10 5106
La-135 D 0.001 [ 107 41073 0.001 4 10*
19.5h W 0.001 9 10! 410°
La-137 D 0.001 60 310" 0.001 [ 10
6 10%y W 0.001 300 1107
La-138 D 0.001 4 [ 107 0.001 900
1.35 101 y W 0.001 10 6107
La-140 D 0.001 1000 6107 0.001 600
40.272 h W 0.001 1000 5107
La-141 D 0.001 9000 410t 0.001 4000
393 h w 0.001 [ 10* 510"
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Table 1.a, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f,  MBqg MBq/m* f, MBg
La-142 D 0.001 800 0.3 0.001 300
92.5m W 0.001 1000 0.5
La-143 D 0.001 4000 2 0.001 1000
1423 m W 0.001 3000 |
Cerium
Ce-134 w310 30 0.01 310 20
720h Y 310% 20 0.01
Ce-135 w310t 100 0.06 310 60
17.6 b Y 310% 100 0.05
Ce-137 w310 5000 2 310 2000
9.0h Y 310 5000 2
Ce-137m w310 200 0.07 310 90
344 h Y 310 100 0.06
Ce-139 w3 10% 30 0.01 3104 200
137.66 d Y 3 10 20 0.01
Ce-141 w310 30 0.01 310 60
32.501 d Y 3104 20 0.009
Ce-143 w310 70 0.03 310% 40
330h Y 310 60 0.02
Ce-144 w310¢ 0.9 410" 310% 8
284.3 d Y 310* 0.5 210
Praseodymium
Pr-136 w310 9000 4 310 2000
13.1 m Y 310 8000 3
Pr-137 w310 6000 2 310 1000
76.6 m Y 310 5000 2
Pr-138m w310 2000 0.8 3107 400
2.1h Y 310% 2000 0.7
Pr-139 w310 4000 2 310 1000
451 h Y 310* 4000 2
Pr-142 w310¢ 80 0.03 310 40
19.13 h Y 3104 70 0.03
Pr-142m w3 10* 6000 3 3104 3000
14.6 m Y 310 5000 2
Pr-143 w3104 30 0.01 3104 30
13.56 d Y 3 10* 20 0.01
Pr-144 w30t 5000 2 3104 1000
17.28 m Y 310 4000 2
Pr-145 w3104 300 0.1 310 100
598 h Y 310% 300 0.1
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Table 1.b, Cont’d.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f) rCi #Cifem? fi uCi
La-142 D 0.001 2 10¢ 9 108 0.001 8000
92.5m W 0.001 3 10 11073
La-143 D 0.001 110 4107 0.001 4 10°
1423 m W 0.001 9 10 4 10°°
Cerium
Ce-134 w310 700 3107 j10* 500
72.0 h Y 310* 700 3107
Ce-135 w310 4000 2108 310 2000
176 h Y310 4000 1108
Ce-137 w3 10* 110° 6107 310% 510°%
9.0 h Y 310 110° 5107
Ce-137m w310t 4000 2108 310 2000
34.4 h Y 310 4000 210
Ce-139 w310 800 3107 310* 5000
137.66 d Y 310 700 3107
Ce-141 w310t 700 3107 310* 2000
32.501 d Y 310* 600 2107
Ce-143 w 310 2000 8107 310 1000
330 h Y 310 2000 7107
Ce-144 w310* 30 110% 3104 200
284.3d Y 310 10 6107
Praseodymium
Pr-136 witlot  210° 1107 310t 510t
130 m Y 310* 2 10° 9107
Pr-137 w3t 210° 6107 1ot 410!
76.6 m Y 310% 110° 6107
Pr-138m w3t 510 2107 310% 110¢
2.1h Y 310* 410! 2107
Pr-139 w310 1108 5107 310* 410
4.51 h Y 310 110° 5107
Pr-142 w3 10* 2000 9107 310* 1000
19.13 h Y 310* 2000 8107
Pr-142m w3t 2100 7 107 310* 8 10¢
14.6 m Y 310* 110° 6107
Pr-143 w 310% 800 3107 310% 900
13.56 d Y 310* 700 3107
Pr-144 w 310% 110° 510° 310* 310
17.28 m Y 310* 110° 5107
Pr-145 w 310* 9000 4106 310* 3000
598 h Y 310* 8000 3106
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Table 1.a, Cont'd.

Inhalation Ingestion

ALL DAC ALL
Nuclide Class/f, MBq MBq/m3 f; MBg
Pr-147 W 310 7000 3 310% 2000
13.6 m Y 310% 7000 3
Neodymium
Nd-136 W 310 2000 0.9 3104 600
50.65 m Y 3 10* 2000 0.8
Nd-138 w310 200 0.1 310% 70
504 h Y 3 10% 200 0.08
Nd-139% w310t 1104 5 310*% 3000
297 m Y 310 1104 5
Nd-139m W 3104 600 0.3 310 200
55h Y 3 10 500 02
Nd-141 w3104 3 104 10 310% 6000
24%h Y 3 10 2104 9
Nd-147 w310 30 0.01 310 40
1098 d Y 3 10% 30 0.01
Nd-14% w310 1000 0.4 310* 400
1.73 h Y 310% 500 0.4
Nd-151 w3 10* 7000 3 310* 3000
1244 m Y 310 7000 3
Promethium
Pm-141 W 310% 7000 3 310% 2000
2050 m Y 310 6000 3
Pm-143 W 3104 20 0.00% 3104 200
265 d Y 310 30 0.01
Pm-144 w310 4 0.002 310 50
363 d Y 3 10% 4 0.002
Pm-143 w3 10% 7 0.003 3107 403
17.7 y Y 310* 7 0.003
Pm-146 w310 2 810 3104 60
2020 d Y 3 10 2 7 104
Pm-147 W30 5 0.002 3104 200
2.6234 y Y 3 10 5 0.002
Pm-148 W30 20 0.008 310 20
5374d Y 3 10 20 0.008
Pm-148m w3 10% 10 0.004 310 30
413d Y 310 10 0.003
Pm-14% W 310 70 0.03 3 10 40
53.08 h Y 310 70 0.03
Pm-150 w3104 700 0.3 3107 200
268 h Y 310% 600 0.3
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Table 1.b, Cent’d.

[nhalation [ngestion

ALI DAC ALl
Nuclide Class/ pCi pCifem? [ uCi
Pr-147 w30t 2108 8103 31047 510
13.6 m Y 310 2 10° 8103
Neodymium
Nd-136 w3104 610 210° 310 110
50.65 m Y 310* 5 10¢ 2107
Nd-138 w3104 6000 310% 310 2000
5.04 h Y 310 5000 2 10°
Nd-139 w30t 310 1104 310 9 10*
29.7 m Y 310 310° 110"
Nd-139m w310t 210 710 3104 5000
S5h Y 310 110 610
Nd-141] wi3i10? 7108 310 3100 2108
249 h Y 310 610° 310
Nd-147 w310t 900 4107 310% 1000
1098 d Y 3104 800 4107
Nd-149 w310t 3104 1107 3100 1104
1.73 h Y 3104 2104 11073
Nd-151 w310t 210° g 103 310 710¢
1244 m Y 310 2108 g8 105
Promethium
Pm-141 w310* 2108 g8 1077 3100 510
2090 m Y 310 210° 710°
Pm-143 w310 600 2107 310% 5000
265 d Y 310* 700 3107
Pm-144 w30t 100 5108 310% 1000
363 d Y 310% 100 5108
Pm-145 w3104 200 7108 310 110
17.7 y Y 3 10 200 8 108
Pm-146 w3 10 50 210 310% 2000
2020 d Y 310 40 210%
Pm-147 w310 100 5108 310 4000
26234 y Y 310* 100 6108
Pm-148 w310 500 2107 3104 400
5.37d Y 310% 500 2107
Pm-148m w310 300 1107 310 700
41.3d Y 310* 300 1107
Pm-149 w 310! 2000 g 107 3104 1000
53.08 h Y 310! 2000 g 107
Pm-150 w30t 2104 g8 106 310 5000
268 h Y 310 210* 7106
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Table 1.a, Cont'd.

Inhalation Ingestion

ALI DAC ALl
Nuclide Class/f, MBg MBg/m* f, MBg
Pm-151 w310% 100 0.06 3 10% 70
28.40 h Y 3107 100 0.05
Samarium
Sm-141 w 3104 7000 3 310% 2000
10.2 m
Sm-141m w3104 4000 2 3 104 1000
226 m
Sm-142 w 3 10 1000 0.4 3 10 300
72.49 m
Sm-145 w3 10% 20 0.008 310% 200
340 d
Sm-146 w310 0.001 6107 310 0.5
1.03 108 y
Sm-147 w 310% 0.001 6107 3 104 0.6
1.06 10" y
Sm-151 w3 10 4 0.002 310 500
90 y
Sm-153 w3 0% 100 0.04 310% 60
46.7 h
Sm-155 w3 10% 8000 3 310% 2000
22.1m
Sm-156 w310 300 0.1 310 200
94 h
Europium
Eu-145 W 0.001 70 0.03 0.001 60
5.94 d
Eu-146 W 0.001 50 0.02 0.001 40
4.61d
Eu-147 W 0.001 60 0.03 0.001 100
24 d
Eu-148 W 0.001 10 0.005 0.001 40
54.5 d
Eu-149 W 0.001 100 0.05 0.001 400
93.1d
Eu-150 W 0.001} 300 0.1 0.001 100
12.62 h
Eu-150 W 0.001 0.7 310% 0.001 30
342y
Eu-152 W 0.001 0.9 4 104 0.001 30

1333 y
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Table 1.b, Cont'd.

{nhalation [ngestion

ALI DAC ALI
Nuclide Class/f, uCi uCifcm? f, uCi
Pm-151 W 310% 4000 L 10 310% 2000
28.40 h Y 3104 3000 110
Samarium
Sm-141 w3t 210 8 10 310 510¢
10.2 m
Sm-141m w310¢ 110° 4107 310% 3104
22.6m
Sm-142 w310*  310% 1107 310 8000
72.49 m
Sm-145 w3 10* 500 2 107 310% 6000
340 d
Sm-146 w3 10* 0.04 | 107 310 10
(.03 10% y
Sm-147 w310 0.04 210" 3 10% 20
1.06 10" y
Sm-151 W 310 (00 4 108 310* 110
90 y
Sm-153 W 3l0* 3000 I 10° 3104 2000
46.7 h
Sm-155 w30t 210° 9 10°% 310% 6 10¢
22,1 m
Sm-156 w 310" 9000 410 310 5000
9.4 h
Europium
Eu-145 W 0.001 2000 8107 0.001 2000
594d
Eu-146 W 0.001 1000 5107 0.001 (000
461 d
Eu-147 W 0.001 2000 7107 0.001 3000
24 d
Eu-148 W 0.001 400 1107 0.001 (000
54.5d
Eu-14% W 0.001 3000 [ 10 0.001 1 10}
93.1d
Eu-150 W 0.001 8000 410% 0.001 3000
1262 h
Eu-150 W 0.001 20 8107 0.001 800
34.2 y
Eu-152 W 0.001] 20 110% 0.001 800

13.33 y
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Table 1.a, Cont’d.

Inhalation Ingestion

ALl DAC ALl
Nuclide Class/f, MBg MBg/m* f MBq
Eu-152m W 0.001 200 0.1 0.001 100
932 h
Eu-154 W 0.001 0.7 310 0.001 20
8.8y
Eu-155 W 0.001 3 0.001 0.001 100
496y
Eu-156 W 0.001 20 0.007 0.001 20
15.19 d
Eu-157 W 0.001 200 0.08 0.001 80
15.15 h
Eu-158 W 0.001 2000 0.9 0.001 700
459 m
Gadolinium
Gd-145 D3 10* 6000 2 310 2000
229 m w310 6000 3
Gd-146 D 310 5 0.002 310% 50
483 d w3 104 10 0.004
Gd-147 D3 10* 200 0.06 310% 70
38.1 h w3 10 100 0.05
Gd-148 D 310 310 1107 310 0.4
93y w310 0.001 5107
Gd-149 D 31¢0* 80 0.03 310% 100
94d w310? 90 0.04
Gd-151 D3 10% 10 0.006 3104 200
120 d w 3 10% 40 0.02
Gd-152 D310¢ 4104 2107 3104 0.6
1.08 104 y w3104 0.002 6 107
Gd-153 D 3 10* 5 0.002 310 200
242 d w310 20 0.009
Gd-159 D310 300 0.1 3107 100
18.56 h W 310 200 0.09
Terbium
Tb-147 W 310 1000 0.5 3104 300
1.65h
Tb-149 w3104 30 0.01 3109 200
4.15h
Tb-150 W 3104 800 0.3 3104 200
3.27 h
Tb-151 W 3104 300 0.1 310 100

176 h
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Table 1.b, Cont'd.

Inhalation Inpestion

ALI DAC ALI
Nuclide Class/f, uCi «Cifem’ f| #Ci
Eu-152m W 0.001 6000 3108 0.001 3000
9.32 h
Eu-154 W 0.001 20 8 107 0.001 500
8.8y
Eu-155 W 0.001 90 4 10% 0.001 4000
496y
Eu-156 W 0.001 500 2 107 0.001 600
15.19 d
Eu-157 W 0.001 5000 2 10°¢ 0.001 2000
15.15 h
Eu-158 W 0.001 610* 21079 0.001 210t
459 m
Gadolinium
Gd-145 D3 10* 210° 6107 3104 510t
229 m W 3 10* 2 10° 7107
Gd-146 D310* 100 5108 310 1000
48.3 d w 3 10* 300 1107
Gd-147 D 3104 4000 2 10°¢ 3104 2000
38.1 h w310 4000 1 108
Gd-148 D 310+ 0.008 31012 3107 10
93y w3104 0.03 1ot
Gd-149 D 310* 2000 9107 310 3000
9.4 d w3 10* 2000 1108
Gd-151 D310* 400 2107 310 6000
120 d W 310% 1000 5107
Gd-152 D 3 10% 0.01 41012 310% 20
108 101y w3 10* 0.04 2 10!
Gd-153 D3 10* 100 6 10 310*  S000
242 4 w3 10* 600 2107
Gd-159 D3 10* 8000 310°¢ 3104 3000
18.56 h w310* 6000 2108
Terbium
Tb-147 w3t 310° 1103 3104 9000
1.65 h
Tb-149 w310t 700 3107 3104 S000
4.15 h
Tb-150 w310 210! 9 108 310 5000
3.27h
Tb-151 W 310% 9000 4 100 310°% 4000

17.6 h
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Table 1.a, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/fy,  MBq MBq/m* f, MBq
Tb-153 W 3104 300 0.1 310 200
2.34d
Tb-154 w3 10% 200 0.07 3 10% 60
214 h
Tb-155 w 310 300 0.1 310 200
5.32d
Tb-156 w30 50 0.02 310 40
5.34 d
Tb-156m w 310* 300 0.1 3104 300
24.4 h
Tb-156m w 310" 1000 0.4 310 600
50h
Tb-157 W 310 10 0.005 310% 2000
150 y
Tb-158 w3 10* 0.7 310% 3104 50
150 y
Tb-160 w 310 8 0.004 310% 30
n3d
Tb-161 w 310 60 0.02 310 60
691 d
Dysprosium
Dy-155 w 3 10 900 0.4 310 300
100 h
Dy-157 w 3 10 2000 ] 310% 700
81h
Dy-159 w 310 90 0.04 310 500
144.4 d
Dy-165 w310t 2000 0.7 310 500
2334 h
Dy-166 w3 107 30 0.01 310 20
816 h
Holmium
Ho-155 w3104 6000 2 310 2000
48 m
Ho-157 w 3 10% 5 10* 20 310 110
126 m
Ho-159 w310 4 10* 20 310% 8000
3im
Ho-161 w310 2104 é 3107 4000

25h
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Table 1.b, Cont'd.

Inhalation Ingestion

ALl DAC ALI
Nuclide Class /f) pCi pCifem? f, pCi
Tb-153 w3 10* 7000 310" 310¢% 5000
2.34d
Tb-154 w310* 4000 2 106 310* 2000
214 h
Tb-155 w3 10* 8000 310 310% 6000
5.32d
Tb-156 w3 10 1000 6107 310% 1000
5.34d
Tb-156m w3 10 8000 310°% 310* 7000
24,4 h
Tb-156m w3t 310t 110% 3t 2104
50h
Tb-157 w3104 300 1107 310* 510t
150 y
Tb-158 w310* 20 8 107 310% 1000
150 y
Tb-160 w3 10% 200 9 10¢ 3104 800
72.34d
Tb-161 w310 2000 7 107 310* 2000
691 d
Dysprasium
Dy-155 w3l 310 1103 310* 9000
100 h
Dy-157 w3104 610 3103 310* 210
8.1 h
Dy-159 w3104 2000 110¢ 3104 1104
144.4 d
Dy-165 w3t 50 2 107 310 110
2334 h
Dy-166 w30t 700 3107 310* 600
81.6 h
Holmium
Ho-155 wiwt  210° 6 107 310 4104
48 m
Ho-157 w3 10% 1108 6104 310t 310°
12.6 m
Ho-159 w3l10* 1108 4 10% 3104 2108
Am
Ho-161 w3l 410° 2 10* 310* 1108

25h
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Table 1.2, Cont'd.

[nhalation [ngestion

ALI DAC ALI
Nuclide Class/f, MBg MBg/m’ fy MBg
Ho-162 w3 10* 9 10 40 310* 210
I5m
Ho-162m w310 1104 4 310% 2000
68 m
Ho- 164 w 310* 2 10° 10 3104 7000
29 m
Ho-164m w3 10% 110 5 310% 4000
375 m
Ho-166 w3 10* 70 0.03 310% 30
26.80 h
Ho-166m w310t 0.3 110% 310" 20
1.20 10° y
Ho-167 w 310" 2000 0.9 310% 600
3.1h
Erbium
Er-161 w3104 2000 1 3 10% 600
3.24 h
Er-165 w310 7000 3 310 2000
10.36 h
Er-169 w3 10* 90 0.04 3104 100
93d
Er-171 w310 400 0.2 310 100
752h
Er-172 w310 50 0.02 310 40
49.3 h
Thulium
Tm-162 w3 10% 110 4 310* 2000
2.7 m
Tm-166 w310 500 0.2 310% 200
770 h
Tm-167 w3lo* 70 0.03 310* 80
924 d
Tm-170 w3 10* 8 0.003 310 30
128.6 d
Tm-171 w310 10 0.004 310 400
1.92 ¥
Tm-172 w3104 40 0.02 3104 30
63.6 h
Tm-173 w310 400 0.2 3104 200

8.24h
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Table 1.b, Cont’d.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f, pCi #Cifem? f, pCi
Ho-162 w304 2108 0.001 310% 510
15 m
Ho-162m w310*  310° 110% 310 5104
68 m
Ho-164 w3i10*  610° 3 10 310% 2109
29 m
Ho-164m w3t 3108 1 10 310% 110
37.5m
Ho- 166 w3 10* 2000 7107 310 900
26.80 h
Ho-166m w310+ 7 3107 3104 600
1.20 103 y
Ho-167 w3104 610 2 103 310 210
3.1l h
Erbium
Er-161 w3ict 6104 310% 310 2108
3.24 h
Er-165 w3104 210 8 103 3104 610°
1036 h
Er-169 w310t 3000 1108 310 3000
9.3 d
Er-171 w30 110 4 10% 310% 4000
752 h
Er-172 w30 1000 6107 310% 1000
493h
Thulium
Tm-162 w310* 3108 110 310% 7104
217 m
Tm-166 w3 10* 1104 6108 310 4000
7.70 h
Tm-167 w3104 2000 8 107 310% 2000
9.24d
Tm-170 w310 200 9 10 3 10% 800
128.6d
Tm-171 w 310* 300 1107 310% 1104
1.92 y
Tm-172 w3 10 1000 5107 310 700
63.6 h
Tm-173 w 3 10 1 10° 510¢ 310% 4000

8.24 h
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Table 1.a, Cont’d.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class /T, MBq MBq/m? f, MBq
Tm-175 w310t [ 10¢ q 310 2000
152 m
Y tterbium
Yb-162 w3 10¢ 1 10* 5 310 3000
189 m Y 310° 1104 4
Yb-166 w310 70 0.03 310% 50
$6.7 h Y 3 10% 70 0.03
Yb-167 w310 3 10* 10 310*  110*
17.5 m Y 3104 310! 10
Yb-169 w310 30 0.01 310 70
32.01d Y 310* 30 0.01
Yb-175 W 310% 100 0.05 310 100
4.19d Y 3 10% 100 0.05
Yb-177 w310 2000 0.8 310 600
1.9 h Y 310" 2000 0.7
Yb-178 w310 1000 0.6 310* 500
74 m Y 310% 1000 0.6
Lutetium
Lu-169 w310 200 0.07 3 10% 90
34.06 h Y 310% 200 0.06
Lu-170 w3 10% 80 0.03 310 40
2.00d Y 310 70 0.03
Lu-171 w310 70 0.03 3104 70
822d Y 3104 70 0.03
Lu-172 w310 40 0.02 310 40
6.70 d Y 3 10% 40 0.02
Lu-173 w3107 10 0.004 310 200
1.37 y Y 310 10 0.004
Lu-174 w310 4 0.002 3104 200
331y Y 3104 6 0.002
Lu-174m w3107 9 0.004 310* 80
142 d Y 310 8 0.003
Lu-176 w 310" 0.2 7 10°% 3 10 30
3.60 1010y Y 3107 0.3 110
Lu-176m w3 10* 900 0.4 310% 300
3.68 h Y 3 10° 800 0.4
Lu-177 w3107 80 0.03 310 80
6.71d Y 3107 80 0.03
Lu-177m w3 10% 4 0.002 310 30
160.9 d Y 3 107 3 0.001
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Table 1.b, Cont’d.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f,  gCi uCi/cm? f) pCi
Tm-175 w310* 3100 110° 3100 7108
15.2 m
Ytterbium
Yb-162 w3t 3108 1104 30t 7108
18.9 m Y 3104 3 10° 1107
Yb-166 w310 2000 8107 3104 1000
56.7 h Y 310° 2000 8 107
Yb-167 w3t 810 3107 310 310°
17.5 m Y 310¢ 7 10° 3 10%
Yb-169 w3107 800 4107 310% 2000
32.01d Y 310 700 3107
Yb-175 w3107 4000 1108 3104 3000
419d Y 3 10 3000 | 10
Yb-177 w310¢ 5107 210° 310¢ 210
19 h Y 3104 510¢ 210°%
Yb-178 w310t 4100 2 10° 3ot 1104
74 m Y 310 4 10¢ 2105
Lutetium
Lu-169 W 310 4000 2 10°% 310% 3000
34.06 h Y 310* 4000 2 108
Lu-170 w3 10+ 2000 9107 310% 1000
2.00d Y 3104 2000 8 107
Lu-171 w310 2000 8 107 310¢ 2000
8.22d Y 310¢ 2000 8 107
Lu-172 W 3 104 1000 5107 310% 1000
6.70 d Y 3107 1000 5107
Lu-173 w3 10% 300 1107 310% 5000
137y Y 310 300 1107
Lu-174 W 3104 100 510° 310¢ 5000
331y Y 310% 200 6 10°
Lu-174m W 3104 200 1107 3107 2000
142 d Y 310% 200 9 10¢
Lu-176 W 3104 5 2 10% 3104 700
3.60 100y Y 3 10 8 3107
Lu-176m w330t 310 1103 310% 8000
3.68 h Y 310* 2 10* 9 10°
Lu-177 w3107 2000 9107 3104 2000
6.71 d Y 310 2000 9107
Lu-177m w3107 100 510" 3107 700
160.9 d Y 310% 80 3108
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Table 1.a, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f MBq MBq/m? f, MBq
Lu-178 w310 5000 2 310 1000
28.4m Y 310 4000 2
Lu-178m w3 10" 7000 3 310% 2000
227 m Y 310 6000 3
Lu-179 w3104 700 0.3 310 200
4.59 h Y 310 600 0.2
Hsafnium
Hf-170 D 0.002 200 0.09 0.002 100
16.01 h W 0.002 200 0.07
Hf-172 D 0.002 0.3 1 10 0.002 50
1.87 y W 0.002 I 6 104
Hf-173 D 0.002 500 0.2 0.002 200
24.0 h W 0.002 400 0.2
Hf-175 D 0.002 40 0.01 0.002 100
70d W 0.002 40 0.02
Hf-177m D 0.002 2000 0.9 0.002 700
51.4m W 0.002 3000 i
Hf-178m D 0.002 0.05 2 107 0.002 9
3y W 0.002 0.2 8 107
Hf-179m D 0.002 10 0.005 0.002 40
25.1d W 0.002 20 0.009
Hf-180m D 0.002 800 0.3 0.002 300
55h W 0.002 900 0.4
Hf-181 D 0.002 6 0.003 0.002 40
42.44d W 0.002 20 0.007
Hf-182 D 0.002 0.03 1 107 0.002 7
9100y W 0.002 0.1 510°
Hf-182m D 0.002 3000 ] 0.002 1000
61.5m W 0.002 5000 2
Hf-183 D 0.002 2000 0.7 0.002 800
64 m W 0.002 2000 0.9
Hf-184 D 0.002 300 0.1 0.002 90
4.12 h W 0.002 200 0.1
Tantalum
Ta-172 W 0.001 5000 2 0.001 1000
36.8 m Y 0.001 4000 2
Ta-173 W 0.001 700 0.3 0.001 200
365h Y 0.00! 600 0.3
Ta-174 W 0.001 4000 2 0.001 1000
1.2 h Y 0.001 3000 1
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Table 1.b, Cont’d.

Inhalation [ngestion

ALl DAC ALI
Nuclide Class/f, ¢Ci ¢Cifem? f, $Ci
Lu-178 w3 10? [ 10° 510% 310% 4104
28.4 m Y 3104 [ 10° 510°
Lu-178m w3107 210 810° 31040 510
227 m Y 3104 2 10° 7 108
Lu-179 w3107 2104 8 10°¢ 3107 6000
4.59 h Y 310° 2 104 610
Hafoium
Hf-170 D 0.002 6000 2108 0.002 3000
16.01 h W 0.002 5000 2108
Hf-172 D 0.002 9 4107 0.002 1000
1.87 y W 0.002 40 210
Hf-173 D 0.002 1104 510°% 0.002 5000
240 h W 0.002 1104 5108
Hf-175 D 0.002 300 4107 0.002 3000
70d W 0.002 1000 5107
Hf-177m D 0.002 6104 210° 0.002 2 10*
514 m W 0.002 3 10 4107
Hf-178m D 0.002 1 51010 0.002 300
31y W 0.002 5 2107
Hf-179m D 0.002 300 {107 0.002 1000
25.1 d W 0.002 600 3107
Hf-180m D 0.002 2 10* 9106 0.002 7000
55h W 0.002 310 110°
H{-181 D 0.002 200 710% 0.002 1000
424 d W 0.002 400 2107
Hf-182 D 0.002 0.8 31010 0.002 200
9 10%y W 0.002 3 1107
Hf-182m D 0.002 9 10* 4107 0.002 410
61.5 m W 0.002 1 10° 610
Hf-183 D 0.002 510* 210° 0.002 2 10*
64 m W 0.002 6 10* 2103
Hf-184 D 0.002 8000 3108 0.002 2000
412 h W 0.002 6000 3109
Tantalum
Ta-172 W 0.001 110° 5107 0.001 410
36.8 m Y 0.001 110° 4 10%
Ta-173 W 0.001 210% 8106 0.001 7000
3.65 h Y 0.001 2104 710
Ta-174 W 0.001 1108 4103 0.001 3104
1.2 h Y 0.001 9 10 410°
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Table [.a, Cent'd.

Inhalation Ingestion

ALl DAC ALI
Nuclide Class/[l MBq MBgq/m’ fy MBq
Ta-175 W 0.001 600 0.2 0.001 200
10.5 h Y 0.001 500 0.2
Ta-176 W 0.001 500 0.2 0.001 100
8.08h Y 0.001 400 0.2
Ta-177 W 0.001 700 0.3 0.001 400
56.6 h Y 0.001 700 03
Ta-178 W 0.001 3000 | 0.001 600
2.2h Y 0.001 3000 |
Ta-179 W 0.001 200 0.08 0.001 800
664.9d Y 0.001 30 0.01
Ta-180 W 0.001 20 0.007 0.001 60
1.010"y Y 0.001 0.9 410"
Ta-180m W 0.001 2000 1 0.001 900
8.1h Y 0.001 2000 09
Ta-182 W 0.001 10 0.005 0.001 30
115.0d Y 0.001 5 0.002
Ta-182m W 0.001 2 10 8 0.001 6000
15.84 m Y 0.001 2104 6
Ta-183 W 0.001 40 0.02 0.001 30
514d Y 0.001 40 0.02
Ta-184 W 0.001 200 0.08 0.001 70
8.7h Y 0.001 200 0.07
Ta-185 W 0.001 3000 1 0.001 1000
49 m Y 0.001 2000 1
Ta-186 W 0.001 9000 4 0.001 2000
10.5 m Y 0.001 8000 3
Tungsten
W-176 D03 2000 0.8 0.01 400
23h 03 500
W-177 D03 3000 | 0.01 800
135 m 0.3 900
W-178 D03 700 0.3 0.01 200
21.7d 0.3 300
W-179 D03 6 10* 30 0.01 2 104
37.5m 0.3 2101
W-181 D03 1000 0.5 0.01 600
121.2 d 0.3 700
W-185 DQ3 200 0.1 0.01 80
75.1d 0.3 100
W-187 D 0.3 300 0.1 0.01 70
239h 0.3 100
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Table 1.b, Cont'd.

Inhalation Ingestion

ALl DAC ALI
Nudlide Class/f, #Ci #Ci fem? fi #Ci
Ta-175 W 0.001 2 104 710% 0.001 6000
10.5 h Y 0.001 110 6 10°
Ta-176 W 0.001 1104 510 0.001 4000
8.08 h Y 0.001 110 510%
Ta-177 W 0.001 2 10t 8 10° 0.001 110
56.6 h Y 0.001 2 10 710
Ta-178 W 0.001 9 10* 4107 0.001 210
22h Y 0.001 710 3107
Ta-179 W 0.001 5000 2 10% 0.001 210
664.9 d Y 0.001 900 4107
Ta-180 W 0.001 400 2107 0.001 1000
1.0 102y Y 0.001 20 1 10%
Ta-180m W 0.001 7 10¢ 310° 0.001 210
8.1h Y 0.001 6 10 2107
Ta-182 W 0.001 300 1107 0.001 800
1150 d Y 0.001 100 6 10°%
Ta-182m W 0.001 5 10° 210% 0.001  210°
15.84 m Y 0.001 4 10° 2 10%
Ta-183 W 0.001 1000 5107 0.001 900
5.1d Y 0.001 1000 4107
Ta-184 W 0.001 5000 2 10° 0.001 2000
8.7h Y 0.001 5000 2108
Ta-185 W 0.001 7 104 310° 0.001 310
49 m Y 0.001 6 10 310°
Ta-186 W 0.001 210° 1 10* 0.001 510*
10.5 m Y 0.001 2 10° 9 103
Tungsten
W-176 D 0.3 510 210° 0.01 110
23h 0.3 110
W-177 D 0.3 9 10 4 10 0.01 2 10
135 m 0.3 2 10¢
W-178 D 0.3 2 10 8 10% 0.01 5000
21.7d 0.3 8000
W-179 D 0.3 2 108 710 0.01 510°
375 m 0.3 610°
W-181 D 0.3 310 110° 0.01 2 10t
121.2d 0.3 210t
W-185 D 0.3 7000 310°% 0.01 2000
75.1d 0.3 3000
W-187 D 0.3 9000 4 10 0.0l 2000
2319 h 0.3 3000
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Table 1.a, Cont'd.

Inhalation Ingestion
ALI DAC ALl

Nuclide Class/f,  MBg MBq/m’ f MBq
W-188 DO0.3 50 0.02 0.01 10
69.4 d 0.3 20
Rhenium
Re-177 D08 110 4 0.8 4000
140 m W 0.8 110 5
Re-178 D08 1 10* 4 0.8 3000
13.2 m W 0.8 1104 5.
Re-181 D08 300 0.1 0.8 200
20 h w08 300 0.1
Re-182 D08 500 0.2 0.8 300
12.7 h w 0.8 600 0.2
Re-182 D 0.8 90 0.04 0.8 50
64.0 h W 0.8 80 0.03
Re-184 D08 100 0.05 0.8 90
38.0d w08 50 0.02
Re-184m D08 100 0.05 0.8 80
165 d W 0.8 20 0.007
Re-186 D08 100 0.04 0.8 70
90.64 h w08 60 0.03
Re-186m D08 60 0.03 0.8 50
2010°y W 0.8 6 0.002
Re-187 D08 3 104 10 0.8 2 104
5100y W 0.8 4000 2
Re-188 D08 100 0.04 0.8 60
16.98 h w08 100 0.04
Re-188m D08 5000 2 0.8 3000
18.6 m W 0.8 5000 2
Re-189 D08 200 0.08 0.8 100
243 h W 0.8 200 0.07
Osmium
Os-180 D 0.01 110 6 0.01 4000
22m W 0.01 210! 7

Y 0.01 2 10 7
Os-181 D 0.01 2000 0.7 0.01 500
105 m W 0.01 2000 0.7

Y 0.01 2000 0.7
Os-182 D 0.01 200 0.09 0.01 80
22 h W 0.01 200 0.07

Y 0.01 100 0.06
Os-185 D 0.01 20 0.008 0.0l 90
94 d W 0.01 30 0.01

Y 0.01 30 0.01




93

Table 1.b, Cont'd.

Inhalation Ingestion
ALI DAC ALI
Nuclide Class/f, uCi #Cifcm? | uCi
W-188 D 0.3 1000 s 107 0.01 400
69.4 d 0.3 600
Rhenium
Re-177 D08 310° 110 0.8 9 10
140 m W 0.8 410 110
Re-178 Do0.8 310 1104 0.8 7 10
13.2m W 0.8 310° 110
Re-181 D 0.8 5000 410 0.8 S000
20h W08 5000 410
Re-182 D 0.8 1104 s 106 0.8 7000
127 h W 0.8 210! 6 106
Re-182 D 0.8 2000 110¢ 0.8 1000
64.0 h W 0.8 2000 9107
Re-184 DO0.8 4000 110¢ 0.8 2000
38.0d W 0.8 1000 6 107
Re-184m D 0.8 3000 110¢ 0.8 2000
165 d W 0.8 400 2107
Re-186 D 0.8 3000 110 0.8 2000
90.64 h W 0.8 2000 7107
Re-186m D08 2000 7107 0.8 1000
2.0 10° y W 0.8 200 6 108
Re-187 D08 8 10° 4104 0.8 610°
5100y W 0.8 110° 4107
Re-188 D 0.8 3000 110% 0.8 2000
16.98 h W 0.8 3000 110°®
Re-188m D 0.8 110° 6 107 0.8 8 10*
18.6 m W 0.8 110° 6107
Re-189 Do0.8 S000 2 10°¢ 0.8 3000
243 h W 0.8 4000 210
Osmium
Os-180 D 0.01 410° 210 0.01 110
22 m w 0.01 s 10° 210
Y 0.01 S 10° 2 10*
Os-181 D 0.01 4 104 210° 0.01 1104
10S m W 001 s 1ot 2107
Y 0.01 4 10 210°
Os-182 D 0.01 6000 210" 0.01 2000
22 h W 0.0l 4000 2 10%
Y 0.01 4000 2 10%
Os-185 D 0.01 S00 2107 0.01 2000
944 W 0.01 800 3107
Y 0.01 800 3107
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Table 1.a, Cont'd.

Inhalation Ingestion
ALI DAC ALI
Nuclide Class/f, MBq MBgq/m’ I MBq
Os-189m D 0.01 9000 4 0.01 3000
60h W 0.01 8000 3
Y 0.01 6000 3
0s-191 D 0.01 80 0.03 0.01 80
15.4d W 0.01 60 0.02
Y 0.01 50 0.02
0s-191m D 0.01 1000 0.4 0.01 500
13.03 h W 0.01 800 0.3
Y 0.01 700 0.3
0s-193 D 0.01 200 0.07 0.01 60
300 h W 0.01 100 0.05
Y 0.01 100 0.04
0s-194 D 0.01 2 6 104 0.01 20
6.0y W 0.01 2 910
Y 0.01 0.3 1104
Iridium
Ir-182 D 0.01 5000 2 0.01 2000
I5m W 0.01 6000 2
Y 0.01 5000 2
Ir-184 D 0.01 900 0.4 0.01 300
3.02 h W 0.01 1000 0.5
Y 0.01 1000 0.4
[r-185 D 0.01 500 0.2 0.01 200
14.0h W 0.01 400 0.2
Y 0.01 400 0.2
Ir-186 D 0.01 300 0.1 0.01 90
158 h W 0.01 200 0.1
Y 0.01 200 0.09
[r-187 D 0.01 1000 0.5 0.01 400
10.5h W 0.01 1000 0.5
Y 0.01 1000 0.4
Ir-188 D 0.01 200 0.07 0.01 70
41.5h W 0.01 100 0.05
Y 0.01 100 0.05
Ir-189 D 0.01 200 0.07 0.01 200
13.3d W 0.01 100 0.06
Y 0.01 100 0.06
[r-190 D 0.01 30 0.01 0.01 40
12.1d W 0.01 40 0.02

Y 0.01 30 0.01
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Table 1.b, Cont'd.

Inhalation Ingestion
ALI DAC ALI
Nuclide Class/f, uCi nCifem? f, uCi
Os-189m D 0.01 210° 1 10* 0.01 8 10*
6.0h w 0.01 210° 9 10
Y 0.01 210° 7107
0s-191 D 0.01 2000 9107 0.01 2000
15.4 d W 0.01 2000 7107
Y 0.01 1000 6107
0Os-191m D 0.01 3 104 110% 0.01 110
13.03 h W 0.01 2 10¢ 8 10
Y 0.01 210% 7 10¢
0s-193 D 0.01 5000 2 10 0.01 2000
30.0 h W 0.01 3000 110
Y 0.01 3000 1106
0s-194 D 0.01 40 2108 0.01 400
6.0y W 0.01 60 2108
Y 0.01 8 3107
Iridium
Ir-182 D 0.01 110° 610° 0.01 4 10*
15m W 0.01 210° 6 107
Y 0.01 1 10° 5107
Ir-184 D 0.01 2 10¢ 110 0.01 8000
3.02 h W 0.01 3 104 1108
Y 0.01 3 10* 110
Ir-185 D 0.01 1104 510 0.01 5000
140 h W 0.01 1 10* 510%
Y 0.01 1 10* 4 10%
Ir-186 D 0.01 8000 310% 0.01 2000
158 h W 0.01 6000 3 10
Y 0.01 6000 210°¢
Ir-187 D 0.01 3 10* 110? 0.01 110
105 h W 0.01 3 104 1107
Y 0.01 3 10¢ 110
Ir-188 D 0.01 5000 2 10¢ 0.01 2000
41.5h W 0.01 4000 110%
Y 0.01 3000 1 10%
Ir-189 D 0.01 5000 2 108 0.01 5000
13.3d W 0.01 4000 2 10°¢
Y 0.01 4000 1 10%°
Ir-190 D 0.01 900 4 107 0.01 1000
12.14d W 0.01 1000 4107

Y 0.01 900 4107
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Table |.a, Cont’d.

Inhalation Ingestion
ALI DAC AL

Nuclide Class/f;  MBg MBg/m’ M MBg
Ir-190m D 0.01 7000 3 0.01 6000
1.2 h W 0.01 8000 3

Y 0.01 7000 3
Ir-192 D 0.01 10 0.004 0.0l 40
74.02d W 0.01 10 0.006

Y 0.01 8 0.003
Ir-192m D 0.01 3 0.001 0.01 100
24l y W 0.01 8 0.003

Y 0.01 0.6 210
Ir-194 D 0.01 100 0.05 0.01 40
19.15 h W 0.0l 80 0.03

Y 0.01 70 0.03
Ir-194m D 0.01 3 0.001 0.01 20
171 d W 0.01 6 0.003

Y 0.01 4 0.002
Ir-195 D 0.01 2000 0.6 0.01 600
25h W 0.01 2000 0.8

Y 0.01 2000 0.7
Ir-195m D 0.01 900 0.4 0.01 300
38h W 0.01 1000 0.4

Y 0.01 800 0.3
Platinum
Pt-186 D 0.01 1000 0.6 0.01 500
20h
Pt-188 D 0.01 60 0.03 0.01 60
10.2d
Pt-189 D 0.01 1000 0.4 0.01 400
10.87 h
Pt-191 D 0.01 300 0.1 0.01 100
2.8d
Pt-193 D 0.01 900 0.4 0.01 1000
50y
Pt-193m D 0.01 200 0.09 0.01 90
4.33d
Pt-195m D 0.01 200 0.07 0.01 70
4.02d
Pt-197 D 0.01 400 0.1 0.01 100
183 h
Pt-197m D 0.01 2000 0.7 0.01 600

94.4 m
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Table 1.b, Cont’d.

Inhalation Ingcestion
ALI DAC ALl

Nuclide Class/f,| uCi nCifem’ fy uCi
Ir-190m D 0.01 2 10° 8 (07 0.01 2 10°
(2 h W 0.01 2 10° 9 10°°

Y 0.0 210° 8 i0°
Ir-192 D 0.0 300 1107 0.01 900
74.02 d W 0.01 400 2107

Y 0.0i 200 9 {0
Ir-192m D 0.01 90 4 {08 0.0 3000
241 y W 0.01 200 9 {08

Y 0.0i 20 6 107
Ir-194 D 0.0i 3000 L i0® 0.01 1000
(9.5 h W 0.01 2000 907

Y 0.0i 2000 8 107
Ir-194m D 0.01 90 4103 0.01 600
171 d W 0.01 200 7 108

Y 0.01 {00 4 {08
Ir-195 D 0.0i 4 {0* 210° 0.01 {10
2.5h W 0.0l 5 (o4 210°

Y 0.0 4 104 210°
Ir-195m D 0.0i 2 {04 1 10° 0.01 8000
3.8 h W 0.01 3 10* 1107

Y 0.01 2104 9 {0
Platinum
Pt-186 D 0.01 4 0 21073 0.01 1 10*
20h
Pt-i88 D 0.0i 2000 7107 0.01 2000
(0.2d
Pt-i89 D 0.01 3104 1i0° 0.01 110*
(0.87 h
Pt-19i D 0.0i 8000 4 {0t 0.01 4000
284d
Pt-193 D 0.01 2104 110° 0.01 4 {0t
50y
Pt-i93m D 0.0 6000 310°% 0.01 3000
4.33d
Pt-195m D 0.0 4000 210°% 0.01 2000
4.02d
Pt-197 D 0.0i 110 4 0% 0.01 3000
(83 h
Pt-197m D 0.01 4 10 210 0.01 2 10

94.4 m
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Table 1.a, Cont'd.

Inhalation Ingestion
ALl DAC ALl
Nuclide Class/f;,  MBq MBq/m? f, MBg
Pt-199 D 0.01 5000 2 0.01 2000
308 m
Pt-200 D 0.01 100 0.05 0.01 40
125 h
Gald
Au-193 D 0.1 1000 0.4 0.1 300
17.65h W01 800 0.3
Y 0.1 700 0.3
Au-194 D 0.1 300 0.1 0.1 100
319.5h W 0.1 200 0.08
Y 0.1 200 0.08
Au-195 D 0.1 400 0.2 0.1 200
183 d W 0.1 50 0.02
Y 0.1 20 0.007
Au-198 D 0.1 100 0.06 0.1 50
2.696 d W 0.1 70 0.03
Y 0.1 60 0.03
Au-198m D 0.1 100 0.04 0.1 40
2304 W 0.1 40 0.02
Y 0.1 40 0.02
Au-199 D 0.1 300 0.1 0.1 100
31394 W 0.1 100 0.06
Y 0.1 100 0.06
Au-200 D 0.1 2000 1 0.1 1000
48.4 m W 0.1 3000 1
Y 0.1 3000 |
Au-200m D 0.1 100 0.05 0.1 40
18.7 h W 0.1 100 0.04
Y 0.1 90 0.04
Au-201 D 0.1 8000 3 0.1 3000
264 m W 0.1 9000 4
Y 0.1 8000 3
Mercury
Hg-193 D 0.02 2000 0.7 0.02 600
35h W 0.02 2000 0.6
organic D1 2000 1 1 2000
0.4 700
vapor 1000 0.5
Hg-193m D 0.02 300 0.1 0.02 100
I1.1 h W 0.02 300 0.1
organic D1 500 0.2 l 300
0.4 200
vapor 300 0.1
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Table 1.b, Cont’d.

Inhalation Ingestion
ALI DAC ALI
Nuclide Class/fy  pCi  wCifem’ fy xCi
Pt-199 D 0.01 1108 6 107 0.01 510%
30.8 m
Pt-200 D 0.01 3000 1 10°¢ 0.01 1000
125 h
Gold
Au-193 D 0.1 3104 1103 0.1 9000
17.65 h W 0.1 2104 9106
Y 0.1 2 104 8 10°¢
Au-194 D 0.1 8000 3106 0.1 3000
195 h w 0.1 5000 210°%
Y 0.1 5000 2 10
Au-195 D 0.1 1104 510 0.1 5000
183 d W 0.1 1000 6 107
Y 0.1 400 2107
Au-198 D 0.1 4000 210 0.1 1000
2.696 d W 0.1 2000 8107
Y 0.1 2000 7 107
Au-198m D 0.1 3000 1106 0.1 1000
2.30d W 0.1 1000 5107
Y 0.1 1000 5107
Au-199 D 0.1 9000 410°% 0.1 3000
3.139d W 0.1 4000 2 10¢
Y 0.1 4000 2106
Au-200 D 0.1 6 10* 3 10° 0.1 310!
48.4 m W 0.1 g 10t 310°
Y 0.1 7 10* 3 107
Au-200m D 0.1 4000 1106 0.1 1000
18.7 h W 0.1 3000 1 10
Y 0.1 2000 110°¢
Au-201 D 0.1 210 9 10 0.1 7 10
26.4m w 0.1 2 10° 110%
Y 0.1 2 10° 9 10
Mercury
Hg-193 D 0.02 4 104 2108 0.02 2 104
35h W 0.02 4 10 210°
organic D1 6 104 310 1 510*
0.4 2 104
vapor 3 10¢ 1107
Hg-193m D 0.02 9000 4108 0.02 3000
1.1 h W 0.02 8000 3 10¢
organic D1 110* 510% 1 9000
0.4 4000

vapor 8000 410°%
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Table 1.a, Cont'd.

Inhalation Ingestion
ALI DAC ALI
Nuclide Class /f MBq MBq/m* fi MBq
Hg-194 D 0.02 2 710% 0.02 30
260 y W 0.02 4 0.002
organic D1 1 4 10 | 0.6
0.4 2
vapor 1 510
Hg-195 D 0.02 1000 0.5 0.02 500
9.9 h W 0.02 1000 0.5
organic D1 2000 0.7 1 1000
0.4 600
vapor 1000 0.5
Hg-195m D 0.02 200 0.08 0.02 90
41.6 h W 0.02 100 0.06
organic D1 200 0.09 1 200
0.4 100
vapor 100 0.06
Hg-197 D 0.02 400 0.2 0.02 200
64.1 h W 0.02 300 0.1
organic D1 500 0.2 | 400
0.4 300
vapor 300 0.1
Hg-197m D 0.02 300 0.1 0.02 100
238 h W 0.02 200 0.08
orgarnic D1 300 0.1 1 300
0.4 100
vapor 200 0.08
Hg-199m D 0.02 5000 2 0.02 2000
42.6 m W 0.02 7000 3
organic D1 6000 2 1 2000
0.4 2000
vapor 3000 1
Hg-203 D 0.02 50 0.02 0.02 90
46.60d W 0.02 40 0.02
organic D1 30 0.01 1 20
0.4 30
vapor 30 0.01
Thallium
T1-194 D1 210° 9 1 9000
I3m
T1-194m D1 6000 2 i 2000

328m
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Table 1.b, Cont'd.

[nhalation Ingestion
ALI DAC ALl

Nuclide Class/f, pCi uCijcm? £, pCi

Hg-194 D 0.02 40 210 0.02 800

260 y W 0.02 100 5108

organic D1 30 1108 1 20
0.4 40

vapor 30 1108

Hg-195 D 0.02 4 10* 110% 0.02 110

99 h W 0.02 3 10* 11073

organic D1 5 10* 210°% 1 4 104
0.4 2 10¢

vapor 310* 110%

Hg-195m D 0.02 5000 2108 0.02 2000

41.6 h W 0.02 4000 210

organic D1 6000 310 1 5000
0.4 3000

vapor 4000 2 10°¢

Hg-197 D 0.02 1 10* 510 0.02 6000

64.1 b W 0.02 9000 4 10°¢

organic D1 110 6 108 1 9000
0.4 7000

vapor 8000 4 10

Hg-197m D 0.02 7000 3 10°% 0.02 3000

238 h W 0.02 5000 2 10

organic D1 9000 4 106 1 7000
0.4 4000

vapor 5000 210

Hg-199m D 0.02 1 10° 6 107 0.02 6 10

42.6 m W 0.02 2105 7 103

organic D1 2 10% 710° 1 6 10°*
0.4 6 104

vapor 8 10* 3107

Hg-203 D 0.02 1000 5107 0.02 2000

46.60 d W 0.02 1000 5107

organic D1 800 3107 1 500
0.4 900

vapor 800 4107

Thallium

Tl-194 D1 6 10° 210 1 3 10°

33 m

TI-194m D1 210° 6 1078 1 5 10¢

328 m
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Table 1.a, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f, MBq MBg/m? f MBq
T1-195 D1 5000 2 1 2000
1.16 b
TI-197 D1 4000 2 1 3000
2.84 h
TI-198 DI 1000 0.5 1 700
5.3h
T1-198m D1 2000 0.8 1 1000
1.87 h
TI-199 D1 3000 1 1 2000
7.42 h
T1-200 D1 400 0.2 ] 300
26.1 h
TI-201 D1 800 0.3 1 600
3.044 d
TI-202 D1 200 0.08 1 100
12.23d
TI1-204 D1 80 0.03 1 60
3779 y
Lead
Pb-195m D 0.2 7000 3 0.2 2000
158 m
Pb-198 D 0.2 2000 1 0.2 1000
24 h
Pb-199 D 0.2 3000 i 0.2 800
90 m
Pb-200 D 0.2 200 0.1 0.2 100
21.5h
Pb-201 D 0.2 700 0.3 0.2 300
9.4 h
Pb-202 D 0.2 2 8 10 0.2 5
110y
Pb-202m D 0.2 1000 0.4 0.2 300
362h
Pb-203 D 0.2 400 0.1 0.2 200
52.05 h
Pb-205 D 0.2 50 0.02 0.2 100
1.43 107y
Pb-209 D 0.2 2000 0.9 0.2 900
3253 h
Pb-210 D 0.2 0.009 410° 0.2 0.02

22.3y
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Table 1.b, Cont’d.

Inhalation [ngestion

ALI DAC ALI
Nuclide Class/f, xCi uCi fem? fy xCi
TI-195 D1 110° 5107 1 6 104
1.16 b
TI-197 D1 110° 5107 ] 7 104
284 h
TI-198 D1 310! 11073 1 2 104
53h
TI-198m D1 5 10¢ 210°% i 3104
1.87 b
TI-199 D1 8104 4107 i 610!
7.42 h
T1-200 D1 110 510% i 8000
26.1 h
T1-201 D1 2 10 9 106 1 210
3.044 d
T1-202 D1 5000 2108 I 4000
1223 d
TI-204 D1 2000 9 107 ] 2000
3779y
Lead
Pb-195m D 0.2 2 10° 8 10°% 0.2 610
158 m
Pb-198 DO0.2 6 104 3107 0.2 310
24 h
Pb-199 D 0.2 7 10¢ 310% 0.2 2 10t
90 m
Pb-200 D02 6000 310 0.2 3000
21.5 h
Pb-201 D02 2 10* 8 10°¢ 0.2 7000
9.4 h
Pb-202 D 0.2 50 210% 0.2 100
310°y
Pb-202m D02 3104 1103 0.2 9000
362 h
Pb-203 D02 9000 410 0.2 5000
5205 h
Pb-205 D 0.2 1000 6107 0.2 4000
1.43 10" y
Pb-209 D02 6 10 2107 0.2 210
3253 h
Pb-210 D 0.2 0.2 1 10710 0.2 0.6

23y
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Table 1.a, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f, MBg MBq/m3 £, MBgq
Pb-211 DO0.2 20 0.01 0.2 400
36.1 m
Pb-212 DO0.2 i 5104 0.2 3
10.64 h
Pb-214 DO0.2 30 0.01 0.2 300
268 m
Bismuth
Bi-200 D 0.05 3000 1 0.05 1000
36.4 m W 0.05 4000 2
Bi-201 D 0.05 1000 0.4 0.05 400
108 m W 0.05 1000 0.6
Bi-202 D 0.05 1000 0.6 0.05 500
.67 h W 0.05 3000 1
Bi-203 D 0.05 200 0.1 0.05 90
11.76 h W 0.05 200 0.09
Bi-205 D 0.05 90 0.04 0.05 50
15.31 d W 0.05 50 0.02
Bi-206 D 0.05 50 0.02 0.05 20
6.243d W 0.05 30 0.01
Bi-207 D 0.05 60 0.03 0.05 40
38 y W 0.05 10 0.005
Bi-210 D 0.05 9 0.004 0.05 30
5.012 d W 0.05 1 4 107
Bi-210m D 0.05 0.2 7107 0.05 2
3.010%y W 0.05 0.03 110%
Bi-212 D 0.05 9 0.004 0.05 200
60.55 m W 0.05 10 0.004
Bi-213 D 0.05 10 0.005 0.05 300
45.65 m W 0.05 10 0.005
Bi-214 D 0.05 30 0.01 0.05 600
19.9 m W 0.05 30 0.01
Polonium
Po-203 D 0.1 2000 1 0.1 900
36.7 m W 0.1 3000 I
Po-205 D 0.1 1000 0.6 0.1 800
1.80 h W 0.1 3000 I
Po-207 D 0.1 900 0.4 0.1 300
350 m W 0.1 1000 0.4
Po-210 D 0.1 0.02 110% 0.1 0.1
138.38 d W 0.1 0.02 1107
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Table [.b, Cont’d.

Nuclide

Bismuth
Bi-200
36.4m
Bi-201
108 m
Bi-202
1.67 h
Bi-203
11.76 h
Bi-205
1531 d
Bi-206
6.243 d
Bi-207
3By
Bi-210
50124d
Bi-210m
3.0 108y
Bi-212
60.55 m
Bi-213
4565 m
Bi-214
199 m
Polonium

Po-203
36.7m

Po-203
1.80 h

Po-207
350 m

Po-210
138.38 d

[nhalation [ngestion

ALl DAC ALI
Class/f, xCi pCifem? f, uCi
DO0.2 600 3107 0.2 110
Do0.2 30 1108 0.2 80
Do0.2 800 3107 0.2 9000
D 0.05 8 10* 4107 0.05 310
W 0.05 {10° 41073
D 0.05 310 11073 0.05 1104
W 0.05 4 104 210°
D 0.05 4104 210° 0.05 110
w 0.05 8 10¢ 310%
D 0.05 7000 3108 0.05 2000
W 0.05 6000 310%
D 0.05 3000 1108 0.05 1000
W 0.05 1000 5107
D 0.05 1000 6 107 0.05 600
W 0.05 900 4107
D 0.05 2000 7107 0.05 1000
W 0.05 400 1107
D 0.05 200 1107 0.05 800
w 0.05 30 110%
D 0.05 5 210° 0.05 40
W 0.05 0.7 31010
D 0.05 200 1107 0.05 5000
W 0.05 300 1107
D 0.05 300 1107 0.05 7000
W 0.05 400 1107
D 0.05 800 3107 0.05 2104
w 0.05 300 4 107
DO.! 6 10¢ 310° 0.1 3104
w 0.1 9104 4107
D 0.1 4 10* 2 10° 0.1 2104
w 0.1 7104 310°
D 0.1 310f 1103 0.1 8000
w 0.1 3104 11073
D 0.1 0.6 31010 0.1 3
W 0. 0.6 310
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Table 1.a, Cont'd.

Inhalation Ingesticn
ALI DAC ALI

Nuclide Class /f, MBg MBg/m? fy MBg
Astatine
A1-207 D1 100 0.04 1 200
1.80 h w1 80 0.03
At-211 D1 3 0.001 1 5
7214 h w1 2 8 10*
Radon
Rn-220 decay 12 WLM*
55.6s products
Rn-222 decay 4 WLM*
3.8235d products
Francium
Fe-222 D1 20 0.007 | 80
144 m
Fr-223 D1 30 0.01 | 20
218 m
Radium
Ra-223 W 0.2 0.03 1107% 0.2 0.2
11.434d
Ra-224 W 0.2 0.06 310°% 0.2 0.3
3.66 d
Ra-225 W 0.2 0.02 1 10° 0.2 0.3
14.8d
Ra-226 W 0.2 0.02 1 10° 0.2 0.07
1600 y
Ra-227 W 0.2 500 0.2 0.2 600
422 m
Ra-228 W 0.2 0.04 2 10% 0.2 0.09
575y
Actinium
Ac-224 D 0.001 | 4 10% 0.001 70
29h W 0.001 2 8104

Y 0.001 2 7 104
Ac-225 D 0.001 0.01 4 10® 0.001 2
10.0d W 0.001 0.02 110%

Y 0.001 0.02 1107
Ac-226 D 0.001 0.1 510% 0.001 5
29 h W 0.001 0.2 8 10%

Y 0.00} 0.2 7 107
Ac-227 D 0.001 2 10% 6 107 0.001 0.007
21973y W 0.001 610 310°%

Y 0.001 110 610"

*Primary guide.
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Table 1.b, Cont’d.

Inhalation Ingesticn
ALI DAC ALI

Nuclide Class/f, uCi uCifem? f, uCi
Astatine
At-207 DI 3000 | 108 1 6000
1.80 h w1 2000 9 107
At-211 D 80 3108 1 100
7.214 h Wl 50 2 108
Radon
Rn-220 decay 12 WLM*
5565 products
Rn-222 decay 4 WLM*
382354 products
Francium
Fr-222 D1 500 2107 1 2000
144 m
Fr-223 D1 800 3107 1 600
218 m
Radium
Ra-223 W 0.2 0.7 31010 0.2 5
11434 d
Ra-224 W 0.2 2 71010 0.2 8
3.66 d
Ra-225 W 0.2 0.7 3100 0.2 8
148d
Ra-226 W 0.2 0.6 3100 0.2 2
1600 y
Ra-227 W 0.2 1 10¢ 6 10 0.2 2104
42.2 m
Ra-228 W 0.2 1 5100 0.2 2
575y
Actinium
Ac-224 D 0.001 30 1108 0.001 2000
29h W 0.001 50 2 108

Y 0.001 50 2108
Ac-225 D 0.001 0.3 {10 0.001 50
10.04d W 0.001 0.6 31010

Y 0.001 0.6 31010
Ac-226 D 0.001 3 110° 0.001 100
29 h W 0.001 5 2107

Y 0.001 5 2107
Ac-227 D 0.001 4 104 2 101 0.001 0.2
21.773 y W 0.001 0.002 7104

Y 0.001 0.004 210712

*Primary guide.
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Table 1.a, Cont'd.

Inhalation Ingestion
ALI DAC ALI

Nuclide Class/f, MBq MBg/m? I MBq
Ac-228 D 0.001 0.4 110 0.001 90
613 h W 0.001 I 6104

Y 0.00i 2 710*
Thorium
Th-226 w2 10¢ 6 0.002 210 200
309 m Y 210% 5 0.002
Th-227 w2104 0.01 510°¢ 2104 5
18.718 d Y 210 0.01 510°
Th-228 w210 410" 2107 210% 0.2
19131 y Y 2 10¢ 610 3107
Th-229 w20 33079 1108 210% 0.02
7340 y Y 210 99073 410%
Th-230 w2104 210% 1107 210 0.1
7.7 104y Y 2 10% 610% 2107
Th-231 w210 200 0.1 210" 100
2552 h Y 2104 200 0.1
Th-232 w210 41073 2 108 2 10 0.03
1.405 1010y Y 210% 110 410%
Th-234 w210 7 0.003 210* 10
24.10 d Y 210% 6 0.002
Protactinium
Pa-227 W 0.001 4 0.002 0.001 100
38.3m Y 0.001 4 0.002
Pa-228 W 0.001 0.5 2 10 0.001 50
22 h Y 0.001 0.4 210%
Pa-230 W 0.001 0.2 7103 0.001 20
17.4d Y 0.001 0.1 51073
Pa-231 W 0.001 6103 2108 0.001 0.007
3.276 101y Y 0.00i 110 6 10%
Pa-232 W 0.001 0.8 310 0.001 50
1.31d Y 0.00i 2 9104
Pa-233 W 0.001 30 0.01 0.001 50
270d Y 0.001 20 0.009
Pa-234 W 0.001 300 0.1 0.001 90
6.70 h Y 0.001 200 0.1
Uranium
U-230 D 0.05 0.02 6 10°¢ 0.05 0.1
208d W 0.05 0.01 5106 0.002 2

Y 0.002 0.01 4106
U-231 D 0.05 300 0.1 0.05 200
4.2d W 0.05 200 0.09 0.002 200

Y 0.002 200 0.07
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Table [.b, Cont'd.

inhalation ingestion
ALI DAC ALI
Nuclide Class/f, aCi ,uCi/cm3 f| aCi
Ac-228 D 0.00! 9 4107 0.001 2000
6.13 h W 0.00! 40 2108
Y 0.00! 40 210%
Thorium
Th-226 w210 200 6108 210" 5000
309 m y 210 100 6 108
Th-227 w210 0.3 15070 2 10 100
18.718 d Y 210* 0.3 110710
Th-228 w210% 0.01 4 102 210% 6
1.9131 y Y 210 0.02 71012
Th-229 w20t 910 410" 2107 0.6
7340 y y 210 0.002 11012
Th-230 W 210%  0.006 31012 2 10 4
7.7 10%y Y 210% 0.02 6 1072
Th-231 w210 6000 310 2 10% 4000
25.52 h Y210 6000 3106
Th-232 w2 10* 0.001 510 2 10 0.7
£.405 1010 y Y 210° 0.003 110
Th-234 w210 200 8108 2 10 300
24.10d Y 210% 200 6 108
Protactinium
Pa-227 W 0.001 100 5108 0.001 4000
383 m Y 0.001 100 4108
Pa-228 W 0.001 10 5107 0.001 1000
22 h Y 0.00! i0 5107
Pa-230 W 0.001 5 2107? 0.001 600
17.4 d Y 0.001 4 11079
Pa-231 W 0.00i 0.002 6 1013 0.001 0.2
3.276 10 y Y 0.001 0.004 21012
Pa-232 W 0.001 20 9107 0.001 1000
i.31d Y 0.001 60 2 108
Pa-233 W 0.00} 700 3107 0.001 1000
27.0d Y 0.00! 600 2107
Pa-234 W 0.001 8000 310° 0.001 2000
6.70 h Y 0.001 7000 3108
Uranium
U-230 D 0.05 0.4 2 10710 0.05 4
208 d W 0.05 0.4 o0 0.002 40
Y 0.002 0.3 j 1019
U-231 D 0.05 8000 310 0.05 5000
424 W 0.05 6000 2 10% 0.002 4000
Y 0.002 5000 2 10°%
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Tahle l.a, Cont’d.

Inhalation Ingestion
ALI DAC ALl
Nuclide Class/f, MBgq MBg/m? fy MBg
U-232 D 0.05 0.008 310° 0.05 0.08
72y W 0.05 0.01 610 0.002 2
Y 0.002 3104 1107
U-233 D 0.05 0.04 2107 0.05 0.4
1.58510° y W 0.05 0.03 110° 0.002 7
Y 0.002 0.001 6 107
U-234 D 0.05 0.05 210° 0.05 0.4
2445 10° y W 0.05 0.03 1107 0.002 7
Y 0.002 0.001 6107
U-235 D 0.05 0.05 2107 0.05 0.5
703.8 105 y W 0.05 0.03 1107 0.002 7
Y 0.002 0.002 6107
U-236 D 0.05 0.05 2107 0.05 0.5
23415 10" y W 0.05 0.03 1107 0.002 8
Y 0.002 0.001 6107
U-237 D 0.05 100 0.04 0.05 60
6.75d W 0.05 60 0.03 0.002 60
Y 0.002 60 0.02
U-238 D 0.05 0.05 210° 0.05 0.5
4.468 10° y W 0.05 0.03 1107 0.002 8
Y 0.002 0.002 7107
U-239 D 0.05 7000 3 0.05 2000
23.54 m W 0.05 6000 3 0.002 2000
Y 0.002 6000 2
U-240 D 0.05 100 0.06 0.05 50
14.1 h W 0.05 100 0.04 0.002 50
Y 0.002 90 0.04
Neptunium
Np-232 W 0.001 70 0.03 0.001 5000
147 m
Np-233 W 0.001 1108 50 0.001 310
36.2 m
Np-234 W 0.001 100 0.04 0.001 20
44d
Np-235 W 0.001 30 0.01 0.001 200
396.1 d
Np-236 W 0.001 810 3107 0.001 0.09
115100y
Np-236 W 0.001 1 410% 0.001 100

22.5h
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Table 1I.b, Cont'd.

Inhalation Ingestion
ALI DAC ALI

Nuclide Class/f, uCi uCifem? f, uCi

U-232 D 0.05 0.2 9 oM 0.05 2

72y W 0.05 0.4 2100 0.002 50
Y 0.002 0.008 31012

U-233 D 0.05 1 510710 0.05 10

1.585 10° y W 0.05 0.7 31070 0.002 200
Y 0.002 0.04 210"

U-234 D 0.05 1 51010 0.05 10

2.445 10° y W 0.05 0.7 31010 0.002 200
Y 0.002 0.04 2 1070

U-235 D 0.05 1 61010 0.05 10

703.8 105y W 0.05 0.8 3100 0.002 200
Y 0.002 0.04 2 101

U-236 D 0.05 1 51070 0.05 10

2.3415 107 y W 0.05 0.8 31070 0.002 200
Y 0.002 0.04 2 101

U-237 D 0.05 3000 110°% 0.05 2000

6.75d W 0.05 2000 7107 0.002 2000
Y 0.002 2000 6107

U-238 D 0.05 1 61071 0.05 10

4.468 107 y W 0.05 0.8 31010 0.002 200
Y 0.002 0.04 2 1ot

U-239 D 0.05 2 10° 8107 0.05 710

23.54 m W 0.05 2 10° 7107 0002 710
Y 0.002 2 10° 6 107

U-240 D 0.05 4000 2 106 0.05 1000

14.1 h W 0.05 3000 1108 0.002 1000
Y 0.002 2000 {10

Neptunium

Np-232 W 0.001 2000 7107 0.001 110°

147 m

Np-233 W 0.001 3 10° 0.001 0.001 8§10

36.2 m

Np-234 W 0.001 3000 1108 0.001 2000

444d

Np-235 W 0.001 800 3107 0.001 210*

396.1 d

Np-236 W 0.001 0.02 9 102 0.001 3

1510%y

Np-236 W 0.001 30 110% 0.001 3000

22.5h
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Table l.a, Cont'd.

Inhalation Ingestion
ALI DAC ALI
Nuclide Class/f) MBq MBq/m* f, MBq
Np-237 W 0.001 2104 6108 0.001 0.02
214 10t y
Np-238 W 0.001 2 0.001 0.001 50
2.1174d
Np-239 W 0.001 80 0.03 0.001 60
2.355d
Np-240 W 0.001 3000 1 0.001 800
65 m
Plutonium
Pu-234 W 0.001 8 0.003 0.001 300
88 h Y 110° 7 0.003 110 300
110° 300
Pu-235 W 0.001 110° 50 0.001 3 104
253 m Y1103 9 10 40 110 310
1i0° 3 10¢
Pu-236 W 0.001 7 104 3 107 0.001 0.09
2.851 y Y 1103 0.002 7 107 110 0.9
1103 7
Pu-237 W 0.001 100 0.05 0.001 500
4534 Y 11073 100 0.05 1104 500
1107 500
Pu-238 W 0.001 310* 1107 0.001 0.03
87.74 y Y 110% 7 104 3 107 1104 0.3
1107 3
Pu-239 W 0.001 210 1107 0.001 0.03
24065 y Y 1103 6 104 3107 110 0.3
1107 3
Pu-240 W 0.001 210 1107 0.001 0.03
6537 y Y ! 103 6104 3107 1 10% 0.3
1107 3
Pu-241 W 0.001 0.0 510 0.001 1
144y Y1103 0.03 110% 1104 10
1107 100
Pu-242 W 0.00! 210 1107 0.001 0.03
3.763 10° y Y1107 6 104 3107 1104 0.3
1103 3
Pu-243 W 0.001 1000 0.6 0.001 600
4956 h Y 1103 1000 0.6 1 10 600
1103 600
Pu-244 W 0.001 310 1107 0.001 0.03
8.26 107 y Y 110° 710 3107 1104 0.3

110% 3
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Table 1.b, Cont'd.

Inhalation Ingestion
ALI DAC ALI
Nuclide Class/f uCi uCifem? £ uCi
Np-237 W 0.001 0.004 2 10712 0.001 0.5
2.14 100 y
Np-238 W 0.001 60 3108 0.001 1000
2117 d
Np-239 W 0.001 2000 9°10°7 0.001 2000
2.355d
Np-240 W 0.001 8 104 310° 0.001 210
65 m
Plutonium
Pu-234 W 0.001 200 9 108 0.001 8000
8.8 h Y 1107 200 8 10 1 10* 9000
110% 9000
Pu-235 W 0.001 3 108 0.001 0001 910°
253 m Y 1103 3108 0.001 1 104 9105
110  910%
Pu-236 W 0.001 0.02 g 10712 0.001 2
2851y Y I 107 0.04 2 10! {10 20
{103 200
Pu-237 W 0.001 3000 1100 0.00! 1 104
453 d Y 110° 3000 L 10¢ 1104 Lot
{10° 110
Pu-238 W 0.001 0.007 310" 0.001 0.9
87.74 y Y 110 0.02 8 1012 I 10 9
{10 90
Pu-239 W 0.00! 0.006 310712 0.001 0.8
24065 y Y I 107 0.02 7 10712 1o 8
1 103 80
Pu-240 W 0.001 0.006 3101 0.001 0.8
6537 y Y 1107 0.02 7 1012 1104 8
1 107 80
Pu-241 W 0.001 0.3 110710 0.001 40
144 y Y | 109 0.8 31010 L10* 400
1 10° 4000
Pu-242 W 0.001 0.007 31012 0.001 0.8
3763 10° y Y 1107 0.02 7 10°12 110 8
{10° 80
Pu-243 W 0.001 410 2 10°° 0.001 2 10*
4.956 h Y 1108 4104 2 108 1104 2104
1 10° 2 104
Pu-244 W 0,001 0.007 310" 0.001 0.8
8.26 107 y Y 1107 0.02 71012 {104 8
1 10* 80
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Table 1.a, Cont'd.

Inhalation Ingestion
ALI DAC ALI

Nuclide Class/f, MBq MBq/m’ f, MBq
Pu-245 W 0.001 200 0.07 0.001 80
10.5 h Y 11073 200 0.06 110* 80

110% 80
Pu-246 W 0.001 9 0.004 0.001 10
10.85 d 110% 10 0.004 110 10

110° 10
Americium
Am-237 W 0.001 1 10* 4 110% 3000
73.0 m
Am-238 W 0.001 100 0.05 110% 1000
98 m
Am-239 W 0.001 500 0.2 110* 200
119 h
Am-240 W 0.001 100 0.04 1 10% 80
508 h
Am-241 W 0.001 210% 1107 110* 0.03
4322y
Am-242 W 0.001 3 0.001 110% 100
16.02 h
Am-242m W 0.001 2104 1107 110 0.03
152y
Am-243 W 0.001 210% 1107 1 107 0.03
7380 y
Am-244 W 0.001 7 0.003 1 10* 100
10.1 h
Am-244m W 0.001 200 0.07 110*% 2000
26m
Am-245 W 0.001 3000 I 110% 1000
2.05h
Am-246 W 0.001 4000 2 110* 1000
39 m
Am-246m W 0.001 7000 3 110* 2000
25.0m
Curium
Cm-238 W 0.001 40 0.02 0.001 600
24 h
Cm-240 W 0.001 0.02 9 10¢ 0.001 2
27d
Cm-241 W 0.001 1 410 0.001 40

3284d
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Table 1.bh, Cont’d.

Inhalation Ingestion
ALI DAC ALI
Nuclide Class/f, uCi uCi/fem? f, uCi
Pu-245 W 0.001 5000 210% 0.001 2000
105 h Y1103 4000 210% 110%* 2000
110 2000
Pu-246 W 0.001 300 1107 0.001 400
10.85 d 1107 300 1107 110 400
110% 400
Americium
Am-237 W 0.001 3 10° 110 110*  g104
730 m
Am-238 W 0.001 3000 110°% 110* 4104
98 m
Am-239 W 0.001 110* 510°% 110 5000
119 h
Am-240 W 0.001 3000 110% 110% 2000
50.8 h
Am-241 W 0.001 0.006 31012 110 0.8
4322y
Am-242 W 0.001 80 4 108 110* 4000
16.02 h
Am-242m W 0.001 0.006 31012 1104 0.8
152y
Am-243 W 0.001 0.006 31012 110 0.8
7380 v
Am-244 W 0.001 200 g 108 110% 3000
10.1 h
Am-244m W 0.001 4000 2 106 1104 610¢
26 m
Am-245 W 0.001 8 10 3107 1104 310
2.05h
Am-246 W 0.001 110° 4 10% 110* 3210
39 m
Am-246m W 0.001 210° g 10°° 110* 5104
25.0 m
Curium
Cm-238 W 0.001 1000 5 107 0.0 210
24 h
Cm-240 W 0.001 0.6 21010 0.001 60
27d
Cm-241 W 0.001 30 1108 0.001 1000

328d
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Table l.a, Cont'd.

[nhalation [ngestion

ALI DAC ALI
Nuclide Class/f, MBq MBgq/m? f MBq
Cm-242 W 0.001 0.01 410 0.001 1
162.8 d
Cm-243 W 0.00t 310 1107 0.001 0.04
285y
Cm-244 W 0.001 410 2107 0.001 0.05
18.11 y
Cm-245 W 0.00! 210 9 10® 0.001 0.03
8500 y
Cm-246 W 0.001 210 9 10°¢ 0.001 0.03
4730 y
Cm-247 W 0.001 210 1 107 0.001 0.03
1.56 107 y
Cm-248 W 0.001 6 107 3 108 0.001 0.007
3.39 10° y
Cm-249 W 0.001 600 0.3 0.001 2000
64.15 m
Cm-250 W 0.001 110% 5107 0.00t 0.001
6900 y
Berkelium
Bk-245 W 0.001 50 0.02 0.001 80
4.94d
Bk-246 W 0.001 100 0.05 0.001 100
1.83d
Bk-247 W 0.001 210 6108 0.001 0.02
1380 y
Bk-249 W 0.00! 0.06 3 10% 0.001 7
320d
Bk-250 W 0.001 10 0.005 0.001 300
3.222 h
Californium
Cf-244 W 0.00! 20 0.009 0.001 900
194 m Y 0.00t 20 0.009
Cf-246 W 0.001 0.4 110 0.001 10
357 h Y 0.001 0.3 110
Cf-248 W 0.001 0.002 1106 0.001 0.3
333.5d Y 0.001 0.004 210
Cf-249 W 0.001 210% 6 108 0.001 0.02
350.6 y Y 0.001 4 10 2107
Cf-250 W 0.001 310 1107 0.001 0.04
13.08 y Y 0.001 0.001 4107
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Table I.b, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f, uCi #Ci/cm? f, uCi
Cm-242 W 0.001 0.3 1 10710 0.001 30
162.8 d
Cm-243 W 0.001 0.009 4 1012 0.001 1
28.5 y
Cm-244 W 0.001 0.01 510" 0.001 1
18.11 y
Cm-245 W 0.001 0.006 31012 0.001 0.7
8500 y
Cm-246 W 0.001 0.006 31012 0.001 0.7
4730 y
Cm-247 W 0.001 0.006 31012 0.001 0.8
1.56 107 y
Cm-248 W 0.001 0.002 7102 0.001 0.2
339 105y
Cm-249 W 0.001 2 10° 7108 0.001 5 10*
64.15 m
Cm-250 W 0.001 3104 1 1o 0.001 0.04
6900 y
Berkelium
Bk-245 W 0.001 1000 5107 0.001 2000
494 d
Bk-246 W 0.001 3000 1108 0.001 3000
1.83d
Bk-247 W 0.001 0.004 21012 0.001 0.5
1380 y
Bk-249 W 0.001 2 710710 0.001 200
3204
Bk-250 W 0.001 300 1107 0.001 9000
1.222 h
Californivm
Cf-244 W 0.001 600 2107 0001 310*
19.4 m Y 0.001 600 2107
CI-246 W 0.001 9 4 10°? 0.001 400
315.7h Y 0.001 9 4 10°
Cf248 W 0.001 0.06 310! 0.001 8
333.5d Y 0.001 0.1 4 oM
Cf-249 W 0.001 0.004 2102 0.001 0.5
350.6 y Y 0.001 0.01 4 1012
Cf-250 W 0.001 0.009 4 1012 0.001 1
13.08 y Y 0.001 0.03 1 10




118

Table 1.a, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f, MBq MBg/m’ f, MBq
Cf-251 W 0.001 1 10% 610 0.001 0.02
898 y Y 0.001 410% 2107
Cf-252 W 0.001 710% 3107 0.001 0.09
2.638 v Y 0.001 0.001 5107
Cf-253 W 0.001 0.07 3107 0.001 7
17.81 d Y 0.001 0.06 310%
Cf-254 W 0.001 8 10" 3107 0.001 0.08
60.5d Y 0.001 6 10* 3107
Einsteinium
Es-250 W 0.001 20 0.008 0.001 2000
2.1h
Es-251 W 0.001 30 0.01 0.001 300
33 h
Es-253 W 0.001 0.05 2 10° 0.001 6
20.47d
Es-254 W 0.001 0.003 1108 0.001 0.3
275.74d
Es-254m W 0.001 0.4 2 10 0.001 10
393 h
Fermium
Fm-252 W 0.001 0.5 2 10 0.001 20
22.7h
Fm-253 W 0.001 0.4 110 0.001 40
3.00d
Fm-254 W 0.001 3 0.001 0.001 100
3240 b
Fm-255 W 0.001 0.8 3104 0.001 20
20.07 h
Fm-257 W 0.001 0.007 310 0.001 0.7
100.5 d
Mendelevium
Md-257 W 0.001 3 0.001 0.001 300
52 h
Md-258 W 0.001 0.009 410 0.001 0.9

55d
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Table 1.b, Cent'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f| uCi xCifem? f xCi
Cf-251 W 0.001 0.004 21012 0.001 0.5
898 y Y 0.001 0.01 41012
Cf-252 w 0.001 0.02 g 1012 0.001 2
2.638 y Y 0.001 0.03 1101
Cf-253 W 0.001 2 81019 0.001 200
17.81d Y 0.001 2 71010
Cf-254 w 0.001 0.02 910712 0.001 2
60.5d Y 0.001 0.02 710"
Einsteinium
Es-250 W 0.001 500 2107 0.001 4 10*
2.1h
Es-251 w 0.001 900 4107 0.001 7000
33h
Fs-253 w 0.001 | 61010 0.001 200
20.47d
Es-254 W 0.001 0.07 3 10M 0.001 8
275.7d
Es-254m W 0.001 10 4 10% 0.001 300
39.3 h
Fermium
Fm-252 w 0.001 10 5107° 0.001 500
227 h
Fm-253 w 0.001 10 4 10% 0.001 1000
3.00d
Fm-254 w 0.001 90 4108 0.001 3000
3240 h
Fm-255 W 0.001 20 9 107° 0.001 500
20.07 h
Fm-257 w 0.001 0.2 7 10" 0.001 20
100.5d
Mendelevium
Md-257 w 0.001 80 4108 0.001 7000
5.2 h
Md-258 w 0.001 0.2 t 10710 0.001 30

55d
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TABLE 2.1

Exposure-to-Dose Conversion Factors for Inhalation

Explanation of Entries

For each radionuclide, values in SI units for the organ dose equivalent conversion factors,
hysp, and the effective dose equivalent conversion factor, hg s, based upon the weighting
factors set forth on page 6, are listed in Table 2.1 for inhalation. The limiting coefficient,
with respect to determining the ALl and DAC, is indicated by bold-faced type.

class/f;: The lung clearance class (D, W, or Y) and the fractiona! uptake from the small intestine
to blood (f,) for common chemical forms of the radionuclide are shown. The vapor form is
noted as “V.”

brsp: The tissue dose equivalent conversion factor for organ or tissue T (expressed in Sv/Bq),
i.e., the committed dose equivalent per unit intake of radionuclide.
hg sp: The effective dose equivalent conversion factor (expressed in Sv/Bg), i.e., the committed

effective dose equivalent per unit intake of radionuclide:

hgso = 2 wrhrso -
T

To convert to conventional units (mrem/uCi), multiply table entries by 3.7 x 10%,

As an example, consider the factor for lung for inhalation of a class W form of Be-7:

Blungsa =  2.15 x 10719 Sv/Bg
x 3.7 x 10* = 0,80 mrem/uCi.
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Table 2.1. Exposure-to-Dose Conversion Factors for Inhalation

Commitled Dose Equivalent per Unit Inmtake (Sv/Bq)

Nuclide Class/f, Gonad Breast Lung R Marrow B Surface Thyroid Remainder Effective
Hydrogen
H-3 Ve Lo 173 10Y .73 to! 1.73 1o t.73 101! 173 oM t.73 to-!! t.73 Lo 1.73 1011
Beryllium
Be-7 W Ssio* 37210 32 oM 245109 asgt0" 409 t0"! 260 10" 5.46 101 6.37 1011
Y5102 370l as2t0' 333to® 399 10" 298 tol) 3o to 7,23 100 8.67 101
Be-t0 WSto? 594 t0% 594 (00" 422100 t.77 108 5.26 t0? 594 101 2.44 10° 9.75 10"*
Y S0 256010 256 t010 7.98 107 7.65 t0° 2.27 to'd 2.56 10" 235 107 9.58 10
Carbon
C-tl £0Y 34t 1072 20810027 3.0010'7 380 3031077 2971007 354100 339 1012
t.ot L24t0'* 0 to'? 21002 L.tg 101 t.to 1o"? .08 t0'? 129 1072 1,20 1012
tov 222 tot? t.94 02 2.0t 10" 2.07 tof? L9710 te3to'? 230t0"? 2.4 101
C-14 tot 56410 564 1009 564 1070 564101 5641t00 564 t00 564 100 564100
t0t 78310 783 100t 7.83t07 78310 783 t0" 783 t0" 7283 t0 783 10R2
Lo 636107 636107 6361017 636107 636 t012 6.36 1012 636 1072 636101
Fluorine
F-t8 D10 2t7t0'® 388102 t0s to' 236 to" 2790 34710 t37t0" 2261000
W0 s70t0”? 2741012 £29 10 to2t0M 996t0'? 244 t0'2  B.0B L' 2.01 10°M
Y0 625107 2.66t012 t40 107 63571012 g2t 10'* 232t0'%  etsto'? 2p110M
Sodium
Na-22 Dto t.771t0° t.65 to? 247 10° 273 t0® 3.5t to? t.60 t0* 2.00 t0°® 2.07 107
Na-24 DtD t7810" t.6t 10710 t.25 t0° 2131019 258 010 L5309 2351019 3.27 1010
Magnesium
Mp-28 Dsto' 29t10™  207t0" 296 t0? 7.96 t0'? t.42 107 t.78 10'° .04 t0? 9.16 107"
wsio' 25901 t.46 107% 592 t0° 403t0® 40101 o7 tOM t.55 to? 1.33 10°*
Aluminum
Al-26 D110% (.87 10% 1.56 10°% t.67 tod 198 tod 3,79 to* t.44 t0? 2.04 to? 2.15 10
W 1t0? 639 t0° 6.04 t0* 9,66 t0°% t.24 10% t.t4 to 5.24 10° t.t4 tod 1.55 104
Sili con
Si-3t D102 4541012 435310" 20210 4531012 453107 45310 720 t0!"  s.03 1o
W 110?120 10"2 t20 Loz 359 0" 120 1072 tt9 10" tte 1072 379 10! 5.52 101!
Y1t0% 756 t01% 245 0% 186 t0'" 746 t01* 734 10 7.4 t0'* 4.63 to! 6.03 101
Si-32 D1t0* s.5s5to? 559 lo* 587 t0? 5.59 10% 5.59 t0? 5.59 10* 5.83 to* 5.70 10-°
w110 t.5310° t.53 L1o® t.02 to? t.53 to? t.53 10° t.53 to® 3.2t to? 1.41 10
YL0? 2.3t t0" 2.3t 109 227 10t 73t 100 23t 0 23t 290 10° 274 107
Phosphorus
P-32 DB1O' 483107  483t0' 250 t0° 597 to* 5.8t t0? 483 t0" 794 t0" 164 107
Weto!' 3131 337" 256 08 4.t7 to? 4,05 t0? 3137109 t.t8 to? 419 10?
P.33 D8 to! .96 10" 6.96 10! 296 109 37t 10" 9.84 10 6.96 tO)! t.05 t0'® 1.7 10"
wato! s0610Y 5.06 to! 4,22 10 269 10" t5t0"? 506 t0" t.s0 to'?  6.2710%
Sulphur
§-35 D80! 5700 5 10" 204t0"”  s30t0" 570 t0M 5.70 10" 7.99 tor!! 8.15 101
W B0 454 to" 4,54 lo" 5.07 to? 4.54 to!! 4.54 to°! 4.54 1o LE5 10" s89 10
Gases  9.55 107! .55 to'"! 9,55 101" 9.55 oM 9.55 0! 9,55 (0! 22510 L2110

*¥ denoles water vapor.
tLabelled organic compounds.

*Carbon monoxide.

¥Carbon dioxide.
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Table 2.1, Cont'd.

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f, Gonad Breast Lung R Marrow B Surfece Thyroid Remainder Effective

Chlorine
C1-36 D10 50410 sp410'° 133107 504 107" 50410 s0410" 514100 6.06 1010
W0 50410 50410 456 10 5.04 10°° 50410 S0410°  53610'° 593 10°
Cl-38 D1C 3851077 4201007 22010 40810 391 10 38510t 249100 362100
WIo 131072 L78 10" 24310 17510 155100 1.54 10 6531012 320 1011
C1-39 D10 446 107 512107 L7710'%  s.09 10 46510 4601042 221 101 306 101
W .0 1.38 1002 2.44 1012 2.0010° 235 102 2.04 10712 2.08 1012 7.30 102 275 101

Potassium
K-40 D10 3.1910° 3.08 10 4.66 10° 310 10° 3.07 107 3.06 10° 3.2110° 3.34 107
K-42 D1.0 10810 10610 215107 .06 10 1.06 1¢'° 105 107 1.57 10" 3.67107°
K-43 D10 96910 g9gp10M 758100 1.03 107°  9.65 107" 9.45 10! 131 107 187 10°®
K-44 DLC 20810 25710 136107 252100 2281077 238 10" 15910 224 101
K-45 D1C 135107 172107 835 100 1.71 1077 .51 1012 1.44 10712 Lol 1o 1.39 101

Calcium

Ca-41 w30 243107 298 10" 453100 162100 3.65 10° 2.57 1012 1.53 {o! 3.64 10710
Ca-45 w310 449 10" 449100 9.67 10° 2.92 10° 4.39 10° 44910 42710 179107
Ca-47 Wit 33110 9410 7.9 107 9.86 10 271 10° 1.47104° 169 10° 1.77 10°

Scandum
Sc-43 Y1100 1ss10" 710107 343100 822100% 49810 428 10" 75610t 7.00 1071
Sc-44 Y 110t 269 10" 134 10" 656100 143 10" 9.05 1012 857 1012 14510 L3310
Sc-44m Y1109 73910 186 10" 5.58 107 248107 13110 896 107 336 107 2.05 10
Sc-46 Y110 1.3010° 2.1510° 4.62 108 2.21 10° 1.68 107 2.02 107 4.79 10° 8.01 10*
Sc-47 Y i1t 47010" L1510 2.03 107 2.46 10" 1.39 10" 4641077 7.92101° 498 10°10
Sc-48 Yiigd 7771040 207100 277 10° 260104 134101 10510" 172107 1.11 10°?
Sc-49 Yiie! ze010M 266 (O 20610' 46010 4s410M™ 26110 930100 275 1018

Titanium
Ti-44 D102 1.22 107 1.09 107 112107 1.22 107 1.15 107 110107 1.34 107 1.22 107
w 10?320 10% 3.04 108 1.47 107 3.39 10 314100 3.03 108 4.11 10°® 4.84 10%
Y 110t 1.76 10°® 3.99 108 1.97 10 4.1710°% 3.49 107 .70 10°% 6.91 10°% 275 107
Ti-45 Di1e? 166 10" 1o tott 23610 010" 880 10" g3010"? 7.4710% 582101
wi10? 792107 539107 29310 575101 4221007 4081077 44210" 521 100
Y1io? 780107 43410"7 3141070 469 107 2,96 10°7 2871012 528107t 5.69 10°11

Yanadium
v-47 Dii10? 197107 193 10" L0510 21910 1.89 102 1.5 10712 174 10" 190 10°M
w1107 549107 992107 11510 104 10 88110 89210 3931077 1.5410M
v-48 D! 10? 940101 64310 134 10° 2.2710° 2.43 10° 48210 137 10° 1.26 10°?
w102 1.3010° 742100 (14 10°° 1.08 10¢ 8.69 10" 55110 260 10° 2.76 10%
v-49 D! o 1.09 10" .08 107" 239 101 16510 419107 (11 10N 1.88 10" 4.56 10!
w 10?7 2.8010"  2.8710%% 63010 4.04 107" L0310 z7110ft 28610 9.3310:M

Chromium
Cr-48 D10 122100 756 10N 1.43 10 10510 89210" .80 10" 15210 1.22 107"
wie! 13et gssiot 779107 831 10 s70 10" 438 10" 20710 21110
Y1100 1.3610' 655100 9.50 10 3.0 10! s.20 001 468100 22216 2371010
Cr-49 D110? 284 10" 2.54 107 1.0210M° 28210 2361017 2.0 1012 1.93 101 1.96 10-1
w10 799 10" 13410 1310 1420 L1100 g 0? o s13 a0 187 1000
Y 110" 461 10" 104 10" 12210 egact? 8281017 832100 57910127 168 101
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Commitied Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class /I, Gonad Breast Lung R Marrow B Surlace Thyroid Remainder Elfective
Cr-51 D1ig" 27 g 1.94 107" gy 26810" 27410 1.82 10" 355101 29510711
wie! 2.2ti0M 1.50 10 37710" 187 1w0" 15010 1aG et 49310 .08 10°M
Yiig' zo3io! rssig" 53410 18710M 139 WM Log ig" 52610 9.0310M
Manganese
Ma-51 Dot 3571077 32210M &6 100 4131077 40730 27910" 30130 310 o
wiie! o410 1Sse101?7 1861070 1781077 1e4 1077 139107 7831002 255 101!
Mn-52 D1ig! 9.6310" 661101 131107 1.20 10°° 1.20 10 4.89 10" 1.80 107 1.23 10°
wlig' 117109 521 10M  4.2410° 699107 53010 341107 1.34 107 1.54 1077
Mn-52m D1ig! 20710 22710M 10310 24310M7 20610'F  1.8210" 157100 L83 10
wiie! e3410" 13110" e 1310 L0810 1081077 37110727 150 101
Mn-53 D1ig"' 781107 7641072 234 3gM .07 10 151107 798 10" sagi0"  a73 10"
wiig! 29510'  31410' 870100 3.721t0M 385107 27310 42710 1351070
Mr-54 D1tg! 885101 913310 118107 1.66 10° 2.56 107 6.5210° 09107 1.42 10"?
w10 7.0910' 359101 666107 1.10 10¢ 1.25 107 7.40 10" 1,72 107 1.81 10°*
Mn-56 D1ig" 29" 470" 44010 23630M  20510" 120 107 125107 102 1910
w1l 946107 77910" 537107 Lozie" 82310 618107 65010 891 10
Iron
Fe-52 D1igt 17810 L0410" 170 10% 115101 94310 gs910M 767107 513107
wiig' 12910 s83 01 253107 666 10" 45010M  38210"  7.89107° 5921010
Fe-55 D110 52310 50910 51910 517107 sa4307° 5421070 123107 7.26 10710
wilo? 179107 L7410 106 (D° L7610 17510 1.85107° 4.37107° 361 10710
Fe-59 D1 332107 3.01 107 3.50 10” 3.18 107 2.9110° 295 10° 5.8} 10° 4.00 10
wiig' 1.39 10° 1.26 107 .38 107 1.